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Foreword 


The total solar eclipse of 16 February 1980 over India occurred at a particularly 
opportune moment Over the last few decades research in the fields of astronomy 
and atmospheric science has grown to a significant extent, and new major facilities 
have emerged, including the rocket ranges in Thumba and Srihankota, the balloon 
facility in Hyderabad, large optical telescopes at Kavalur, Nainital and Rangapur, 
ionospheric stations at Ahmedabad, Delhi, Trivandrum, the radiotelescope 
at Ootacamund etc Consequently, a wide variety of experiments could be carried 
out, fortunately with considerable success, during the eclipse. A new feature was the 
undertaking of systematic observations of plant, bird and animal behaviour during 
the eclipse. 

The International Symposium organized at the end of January 1981 to report on 
the results of the experiments earned out during this event was attended by meteoro¬ 
logists and ionospheric scientists, by astronomers, by botanists and zoologists and 
by medical scientists, providing an important interdisciplinary forum. The present 
volume consists of the papers m physical sciences. We expect to bring out shortly the 
second volume on observations m the life sciences. 

It is tragic that Dr Vainu Bappu, who shouldered much of the responsibility 
of the successful eclipse campaign, is no longer with us. He died unexpectedly m 
Munich on August 19, creating a loss for astronomical science in this country that 
will be difficult to fill. 

The Indian National Science Academy dedicates this volume to the memory of 
Dr Vainu Bappu 


M. G. K. Menon 
President, INS A 
and 

Member, Planning Commission 
New Delhi 


Dated: 7 October 1982 




Introductory Remarks 


The total solar eclipse of 16 February 1980 occurred at a time when the Sun was 
at its peak solar activity, and amongst the countries through which the path of totality 
passed, India was very favourably placed, from the point of view of observing condi¬ 
tions, availability of trained and experienced scientists, and special facilities. The 
special facilities included the use of rockets from three ranges: Trivandrum, Sri- 
hankota and Bangalore; a large number of ground stations receiving radio signals 
from the Japanese satellite ETS II; use of micrometeorological towers and balloons; 
Dicke radiometers at GHz regions including some at the water vapour absorption 
line at 22.3GHz; telemetry receiver stations of ISRO’s Tracking Network (ISTRAQ 
operating at 136MHz at Trivandrum, Srihankota and Car Nicobar; and astronomi¬ 
cal measurements of a high order by Indian and Foreign Scientists m the path of 
totality. 

The observations earned out covered a wide variety of disciplines: optical and 
radio astronomy, atmospheric physics, ionospheric physics, atmospheric electricity, 
geomagnetism, animal, bird and insect behaviour. Several hundred scientists were 
involved in India alone, and a satisfying feature was the involvement of a large 
number of young scientists from institutions with limited facilities. The area of 
astronomy attracted scientists from the USA, Switzerland, Japan, West Germany, 
Yugoslavia, Czechoslovakia. In ionospheric and atmospheric physics and in obser¬ 
vations involving life processes, participation was primarily from Indian scientists 
However, there was collaboration with U S scientists on satellite beacon measure¬ 
ments and on boundary layer studies (which worked well), and Dr Ogawa from 
Japan included a Nitric Oxide payload along with several Indian packages in a 
rocket flown from Thumba 

We are pleased that several of the U.S astronomers who participated m the 
observational programme were present here, and the three Astronomy sessions were 
exciting We are glad that Sri Granville Beynon from U. K. agreed on our request 
to participate in this Symposium Sir Granville, in his long eventful career, have had 
opportunities to participate in many eclipse programmes and also was one of the 
main architects of the exceedingly valuable Solar Eclipse Symposium held m Brussels 
in 1955. He pointed out that some of the measurements carried out during this eclipse 
were also carried out at that time and that the summarising remarks made at that 
time by Professor RatclifFe for ionospheric programme continue to be relevant today 
We are glad that Dr Kenneth Davies who had a pioneering role in ATS-6 satellite 
beacon programme was also present; we had a Satellite Beacon Workshop as a part 
of this Symposium on 16 and 17 February 1981 at NPL, New Delhi 

The response of the Indian scientists was overwhelming We have had about 100 
presentations covering all disciplines. An unconventional step we decided to take 
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was to include observations on plant, bird and animal behaviour. Although on some 
■news such observations did not provide “hard” facts that could be considered physic¬ 
ally consistent, introduction of such results in the context of many observations 
relating to atmosphere and to radiation, and bringing together physical and life 
scientists in a co mm on forum for a programme that have areas of overlap was con¬ 
sidered to be important In this context, observations on stratospheric ozone were 
important As expected no change in ozone occurred at stratospheric levels. This 
Tn^nns that the ultraviolet radiation at the erythemally important wavelengths around 
300nm varied only in accordance with the obscuration of the solar disc modified 
by the location of any UV spots—there is no possibility of any increase in the radi¬ 
ation which could have occurred in the event of a large decrease in ozone. This is 
important to emphasise since in several papers in the area of life sciences, enhance¬ 
ments in ionizing radiation were looked for. 

Another interesting set of measurements concerns the study of atmospheric 
boundary layer. Instrumented micrometeorological towers were used at Gadag by 
IMD, at Raichur by Indian Institute of Science and a combination of instrumented 
tower and Sodar at BARC in Trombay. The results of this campaign are discussed 
in one of the sessions. 

There were some surprising results. At Gadag, the Meteorological Department 
observed a very large decrease in soil temperature of about 20 °C, the decrease follow¬ 
ing approximately the rate of obscuration with a delay of about 20 minutes. Such 
a large decrease and at this rate was unexpected. The drop in air temperature, on the 
other hand, was only about 2 8 C; here again the atmosphere seemed to respond 
quickly with a delay of about IS minutes. 

The other surprising feature was that the atmosphere seemed to have atleast 
three different tune scales: (a) a few minutes; (b) about half an hour; and (c) a few 
hours The eene feeling of a pervading stillness came, it appears, from a decrease in 
the wind velocity as well as in temperature over the entire thickness of the boundary 
layer. 

On a normal day, the atmosphere has a certain amount of turbulence. We ex¬ 
pected the turbulence to gradually die out during the eclipse. Actually, it did not 
quite die out, but was substantially damped as the Sodar observations showed There 
was a fall of the height of the thermal plumes. There were temperature inversions of 
about 1.5 °C near the earth’s surface and an appearance of double tropopause and 
the cooling of the entire atmosphere from ground to 30km. 

On ozone, as we have mentioned before, we had not expected any change at 
stratospheric heights. This is because the time constant of ozone at these heights is 
on the order of a few days, certainly much larger than the duration of the eclipse. 
This has also been confirmed during the solar eclipse of 26 February 1979 over the 
American continent by instruments earned in an U-2 Aircraft that flew at a height 
of 19.8km. There was no evidence of ozone change; however, mtnc oxide changed 
by very large amount during this period. 

In the Indian observations also no measurable change in stratosphenc ozone was 
observed. However, there were changes at other levels. Near the surface, the Meteoro¬ 
logical Department observed a decrease m ozone. This has been attnbuted to damp¬ 
ing of all mixing, convection and transport processes due to the cooling of the atmos- 
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phere. There may have been other causes. It is important to point out that the amount 
of ozone in the troposphere under normal conditions is larger than can be produced 
locally. One suggestion attributes this excess of ozone in the troposphere to a transfer 
of ozone from stiatosphere to troposphere. The observed decrease could then be 
interpreted as a result of shutting off of this exchange path. The second interesting 
result concerns changes in the mesosphere (above 50km). Here an increase in ozone 
concentration was observed. This is not surprising. Increase m ozone under eclipse 
conditions have been reported in the past for such heights. In a general way, we also 
understand how this can happen At these heights while ozone production rate 
decreases as the ultraviolet radiation is decreased, so does the ozone destruction rate. 
This destruction is partly through dissociation of ozone again by ultraviolet radiation 
(but m a different wavelength band) and also through a number of other minor 
species such as CO, OH and HO a A quantitative examination of this increase is now 
in progress. We believe that this will provide some interesting information on atmos¬ 
pheric chemistry. 

I have referred earlier to the questions that were posed by Professor Ratdiffe some 
35 years ago. Some of these questions still remain outstanding and some new ones 
can now be added such as the following: 

1. Does the lowest part of the ionosphere collapse during totality? 

2. Are there any gravity waves generated by solar eclipse at any level in the ionos¬ 
phere and how are these caused’ Is the ozone cooling the only mechanism for 
the production of these gravity waves and if so, what is the actual degree of cool¬ 
ing required? What is the role played by other minor species of climatic interest 
such as NO s which has absorption m the visible region? 

3. Do we really have any change m the main constituents of the atmosphere (N a 
and O ) and of the neutral temperature? 

4. If there is an increase m ozone in the mesosphere, what are its consequences? It 
must affect other minor species and also ions, but to what extent? 

5. Have we properly estimated the relative contributions from the sun’s disc, from 
the active centres of the disc and outside the disc in the production of ions in the 
ionosphere? Should we not integrate the observed changes m both ionization and 
of solar radiation to anive at a quantitative picture? 

6 Are the response times of the ionosphere at various levels consistent with our 
current ideas of atmospheric chemistry’ 

These are only some of the questions posed. There can be many other questions. On 
the matter of gravity waves, it appeared that there was no convincing evidence of any 
gravity wave that could be ascribed to the eclipse at heights around 300km However, 
these were apparently observed near the ground and around 150-200km. One possible 
cause was the cooling of ozone around 45km level as the heating source was being 
switched off. Thumba rocket measurements recorded a cooling by 10 °C There was 
also evidence of heating around 15km An important conclusion that emerged is 
that the classical concept of the production of eclipse-generated gravity waves m 
terms of a decrease in ozone heating around 45km is perhaps an over-simplification. 
Ozone is not the only constituent of climatic interest and consequently we should 
look for changes m heating or cooling not only around 45km but over the entire 
environment A satisfying feature of the Indian observations was that simultaneously 
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with observations on the response of the atmosphere at various levels theie was also 
observation with meteorological rockets of how temperature changed during the 
eclipse at different heights This has provided the basis on which a proper theory on 
eclipse generated gravity waves can be built 

The totality on Indian peninsula began at the West Coast at 15 h 39 m 1ST near 
Gokam (in Karnataka). The shadow then moved in a northeasterly direction and 
after sweeping over Andhra Pradesh and Orissa finally left the East Coast near Pun 
at 15*> 56“ 1ST and again touched a small stretch m Mizoram. The width of the 
path of totality was nearly 130km. Along the central line the duration of totality 
for various places in India exceeded 2mm, the maximum being 2”50» at the West 
Coast and 2”09* at Japal-Rangapur near Hyderabad The following table gives 
the relevant data at some of the important observation sites (also see map on facing 
page) 


SOLAR ECLIPSE 16 FEBRUARY I960 


Local circumstances relating to certain places in India 


Place 

Geog Co-ordinates 

Eclipse timing (hr 1ST) 

Beg Max 

Magnitude 

-(Maximum 

End obscuration) 

Ahmedabad 

23°02'N, 72°36'E 

1423 

1541 

1651 

0,75 

Balasore 

21°30'N, 86°S6'E 

1444 

1555 


0.96 

Bangalore 

12°58'N, 77°36'E 

1423 

1544 

1654 

0 92 

Bombay 

18°58'N, 72°50'E 

1419 

1540 

1652 

0 87 

Calcutta 

22°32'N, 88°20'E 

1447 

1557 


0 96 

Dehra Dun 

30°19'N, 78°03'E 

1439 

1548 

1650 

0 61 

Delhi 

28°38'N, 77°13'E 

1436 

1547 

1651 

0 65 

Gadag 

lS^'N, 75°38'E 

1421 

1542 

1654 

1 04 

Goa 

15°25'N, 73°47'E 

1417 

1540 

1652 

0 99 

Gauribidanui 

13°36'N, 77°26'E 

1424 

1545 

1654 

0 93 

Hyderabad 

17°2nsr, 78°28'E 

1428 

1547 

1656 

0 99 

Jaipur 

26°S5'N, 7S°49'E 

1432 

1546 

1651 

0 68 

Japai Rangapur 

17°06TSt, 78°44'E 

1429 

1547 

1656 

104 

Kandla 

23°01'N, 70°13'E 

1415 

1538 

1647 

0 50 

Karwar 

14°49'N, 74°08'E 

1417 

1540 

1652 

1 04 

Kodaikanal 

10°14'N, 77°28'E 

1422 

1542 

i mm 

■ 

Nagpur 

29°09'N, 79°05'E 

1432 

1549 

W 

mm 

Palem 

16°32'N, 78°15'E 

1427 

1546 

mm 

mm 

Pune 

18°31'N, 73°53'E 

1420 

1541 

1652 

090 

Pun 

19°48'N, 85°SO’E 

1442 

1555 

1700 


Rajkot 

22°19'N, 72°44'E 

1419 

1543 

1649 

0 75 

Raichur 

16°22'N, 77°21'E 

1425 

1545 

1655 

1 04 

Snhankota (SHAR) 

13°47'N, 80°15'E 

1429 

1548 

1656 

0 91 

Snnagar 

34°06'N, 74°48'E 

1440 

1544 

1642 

0 47 

Trivandrum (THUMBA) 

8°31'N, 77°00'E 

1420 

1540 

1650 

0 80 

Udaipur 

24°35'N, 73°42'E 

1428 

1542 

1649 

0 72 

Varanasi 

25°19'N, 83°01'E 

1441 

1553 

1657 

0 81 

Visakhapatnam 

17°43'N, 83°18'E 

1437 

1552 

1658 

099 












LATITUDE (N) 


68 
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In the editing of the papers and in the preparation of this volume considerable 
assistance has been rendered by Dr A. K. Saha and DrR. Venkatachari of the 
National Physical Laboratory, New Delhi. Indian National Science Academy wishes 
to express its gratitude to them 

I would also personally like to express my appreciation of the dedicated efforts 
put in by Mr J Saketharaman, Assistant Editor, Indian National Science Academy 

Dated' 1 October 1982 A. P. Mttra 

Secretary, INS A 
Director 

National Physical Laboratory 
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The umbral shadow track of the eclipse event on 16 February 1980 crossed the 
earth’s surface from sunrise over the Atlantic Ocean to sunset over China three 
and half hours later. The width of the path varied from 86km to ISOkm and the 
duration of totality upto a maximum 4m 8 s . Although this was not the longest eclipse 
in recent times, it was long enough for several important observations to be attempted. 
I shall concentrate on the experiments which sought to find answers to the riddles of 
the solar atmosphere The effects and repercussions on our planet earth will be dealt 
by more competent persons in later sessions of this symposium. 

The reason why total eclipses are valuable m studies of the Sun is explained 
here Many interesting processes are happening in the outer envelope of the solar 
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atmosphere, which goes undetected. The scattered light from the photosphere drowns 
every faint feature surrounding the solar disc From the earth’s surface, the only 
time these are visible is, when the brilliant disc of the sun is completely covered 
Otherwise, even at locations on high mountain tops with perfectly blue skies, special 
instruments using scatter-free optics, can just read the brightest part of the inner 
corona at favourable times. This is illustrated m Fig. 1. The problem of detailed 
studies of this outer feature of the sun is possible only dunng totality The information 
holds the key to answers for many questions of very fundamental importance. 

Let us try to have a quick glance over the problems which confront the solar 
physicists of today. The next figure (Fig. 2) shows a section through the sun; showing 
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a somewhat idealised structure which could be derived from various observations. 
At the centre, we have the core, where thermonuclear reactions at extreme high 
temperatures and pressures release the energy, which flows outwards through a series 
of complex processes of absorption and re-emission Sui rounding the core are the 
different layers of the solar interior, and the three visible outer layers. The photo¬ 
sphere, chromosphere and the corona 

I would like to draw your attention to the temperature structure high tempera¬ 
tures at the core falling rapidly outwards, but just beyond the visible photosphere 
the trend is reversed In chromosphere, the temperature starts rising again, slowly at 
first and then rapidly until reaching a value exceeding a million degree Kelvin m the 
corona. The mode of energy transport at the outer layers is really complex, there are 
observational indications, suggesting an unusual type of energy transport mechanisms 
near the visible solar surface, which are of immense importance m understanding the 



Fig 3 

<g) Big Bear Solai Observatory, USA 
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physics of the visible layers of the sun Some of the detectable features in this zone are 
shown here; the supergranulation, the spicules etc, all these impart a highly dynamic 
aspect to the ever changing scenery of the solar atmosphere 

The picture of the sun taken through a narrow pass band filter through Ha 
display majestic views of the chromosphere, in active areas, the interplay between 
the turbulent solar material and the magnetic field gives rise to violent events (Fig. 3) 
Such pictures can be taken every day using very narrow pass band filters But during a 
total solar eclipse a much finer and detailed polychromatic picture flashes into view 
Fig. 4 shows the glimpse of such a view 

Questions for which answers were sought for in the present eclipse concerned 
almost all outer layers of the sun, let me start from the photosphere In one experi¬ 
ment, aim was to obtain an accurate value of the limb darkening coefficient, by 
measuring the intensities of the slowly disappearing and reappearing crescent at 
different spectral regions In another experiment, the times of the last view of the 
solar crescent or the first reappearance—the so called second and third contacts were 
determined from several locations, an mfoimation which may unfold the possible 
accurately slow change m the solar radius or oblateness 
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In the chromosphere, the experiments aimed at measurement of the temperature 
and density structure, dynamics etc Several experiments employed new devices to get 
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better data by using modern developments in instrumentation. A number of papers 
listed m the programme may throw new light on this thm layer of the sun 

Majority of the solar physics experiments concerned the outer crown of the solar 
envelope—the corona, a number of experiments aimed towards studying the tem¬ 
perature structure and dynamics of this region We know that the structure of the 
corona is not spherically symmetric, and it varies from eclipse to eclipse. In order to 
understand the physics of this hot plasma envelope it is necessary to know to what 
extent the density and temperature structure and dynamics of the solar corona is 
dependent on the underlying features on the normally visible photosphere. The 
experiments utilised many innovations to attain high sensitivity and resolution. The 
ensuring presentations will no doubt give us a clearer view of the solar corona. 

The scope of some of the experiments reached beyond the visible corona. One 
experiment sought to detect the presence of dust grains in the outer reaches of the 
corona. A second experiment looked for a nng like structure surrounding the sun. 
We are looking forward to obtain the details of these interesting experiments in this 
symposium. 

This eclipse was not ideal for search for faint bodies near the Sun, because the 
corona was very bnght, much brighter compared to some of the earlier total eclipses. 
This may have something to do with the phase of the activity cycle. As far as my 
information goes, no detection of faint asteroids or comets has been reported. 

The results of measurements during the last eclipse have given a clearer insight in 
many areas of investigation about nature. I have just briefly covered some of the aims 
of experiments m the field of solar physics 
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SOLAR PHYSICS AT FUTURE SOLAR ECLIPSES 
J. B. ZlRKER* 

Sacramento Peak Observatory, U.S.A. 

Introduction 

As we all reco gnize , experiments at total solar eclipses have advanced solar physics 
enormously in the past. By talcing advantage of the low sky background during a 
total eclipse, solar astronomers have made tremendous strides in understanding the 
structure of the corona, the flash spectrum of the chromosphere, and the internal 
structure of prominences. Taking advantage of the uniform lunar motion across the 
disc of the Sun, radio astronomers have obtained high resolution maps of active 
regions in the radio spectrum. However, the use of coronagraphs, especially externally 
occulted coronagraphs on rockets and satellites, as well as the use of direct X-ray 
imaging have reduced the importance of total solar eclipses. It is now possible to 
obtain, with some sacrifice m signal-to-noise, observations that were only obtainable 
during total eclipse. On the other hand, the use of fast aircraft to extend the total 
phase of an eclipse to as long as an hour has increased the value of total eclipses. 
At this moment, after a generally successful series of experiments at the 1980 Indian 
eclipse, we may well ask: what experiments will be most valuable at future eclipses? 
Or, another way of putting it: do total eclipses of the Sun have any future value to 
solar physics? 

Any projection like this is, of course, difficult to make. I cannot take into account 
the ingenuity of experimenters and the advances of technology that will make possible 
new experiments that we cannot even conceive of at the moment However, I will 
hazard a few guesses. 


Alternatives to Eclipses 

It is worthwhile, first of all, to look a little more closely at some of the alternative 
methods of obtaining information on the outer atmosphere of the S un. Good corona- 
graphic sites are rare. Among the best are the Pic-du-Midi, the Soviet station m the 
Caucasus, Mauna Loa m the Hawauan Islands, and Sacramento Peak Observatory m 
the southwestern United States. With the possible exception of the Hawaiian site, 
these locations enjoy coronagraphic skies for only a few months a year, and at the 
very best, the sky brightness measured 15 arcseconds above the limh i S never smaller 
than 10-milbonths of the disc brightness. In contrast, the sky brightness at mid- 
totality approaches 10~* of the disc brightness These factors limit somewhat the 
value of coronagraphic observations 


* Chairman of Session A 
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Recent experience at the South Pole suggests that the sky brightness there, dose 
to the limb, may approach 1 to 2-millionths of the disc brightness and remain rela¬ 
tively constant for several successive 24-hour days during the austral Summer. Thus, 
the South Pole may have advantages for coronagraphic observation, but again, only 
at the price of mounting a difficult experiment under rigorous weather conditions. 

Externally occulted coronagraphs have been used on orbiting solar observatories 
(OSO 5 and 7), Spacelab, and most recently the Solar Maximum Mission. In general, 
the region inside two solar radii is unobservable, but such expenments are irreplace¬ 
able for studies in the extreme ultraviolet or white light beyond two radii and as far 
out as six solar radii. Unfortunately satellites cost $10 8 , and rockets are extremely 
expensive per hour of observation. “The U.S Space Program” will offer relatively 
few opportunities to solar experimenters during the coming decade. NASA’s Inter¬ 
national Solar-Polar Mission is the only approved free-flying satellite that will study 
the corona during this period. 

Direct imaging of the chromosphere in the extreme ultraviolet or of the corona 
in soft X-rays has produced an enormous wealth of information during the past 
decade. Such experiments must be carried either by rockets or by satellites and suffer 
from the same limitation of high expense and limited opportunities. 

Solar astronomers must pursue their science aggressively by whatever route is 
open to them. Despite the mcreasing cost of space expenments, they must and will 
continue to compete for them. However, total solar eclipses offer a relatively in¬ 
expensive means of undertaking some kinds of research and, despite the vaganes of 
the weather, are often successful. 

Let’s examine some possible future expenments, then, that may prove helpful in 
addressing some of the scientific problems m solar physics concerned with the outer 
atmosphere of the Sun. 

Coronal Experiments 

A. Evolution 

Observations of the changing structure of the corona are important for their 
relevance to the understanding of the solar sun-spot cycle and, at once remove, the solar 
dynamo Moreover, they serve to guide studies of the structure of the solar wind. For 
this reason, the High Altitude Observatory (HAO) at Boulder will continue observations 
from its Mauna Loa station in Hawaii for the next decade using a sophisticated 
coronagraphic instrument It seems to me that the superb eclipse photographs taken 
m white light by HAO with a radially graded filter have proved enormously valuable 
in studying coronal evolution and should be continued Such photographs are impor¬ 
tant for companson with the coronagraphic observations because they afford generally 
better resolution of the finer details of the corona and thus a better companson with 
calculated coronal magnetic fields 

B Streamers 

There has been a surprising lack of interest m the structure and dynamics of 
coronal streamers dunng the past five to ten years We have been preoccupied instead 
with loops and coronal holes, which I will discuss in a moment However, the stream¬ 
ers, particularly at solar maximum, are of the most striking features of the Sun’s outer 
atmosphere and are undoubtedly important to the overall mass balance of the corona. 
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The airhome experiments of the Los Alamos Scientific Laboratory during a senes of 
eclipses have been successful in recordmg white light streamers out to 20 solar radii. 
The most recent of these, during the 1980 eclipse, shows remarkable twisting and 
deformation of the streamers, as well as an extraordinary white light transient Such 
observations are worth continuing in the future, because they give us information on 
a region of the heliosphere that is almost inaccessible otherwise I wish there were some 
ways to measure the radial velocity within the streamers, out to 20 solar radii The 
Los Alamos group has suggested an experiment that might obtain such velocity 
measurements in streamers. 

C Loops 

Closed magnetic field regions on the Sun, i e., loops, are stimulating a great deal of 
theoretical interest today, particularly with regard to the heating of the corona It is 
important, therefore, that we have the best possible empirical models of temperature, 
density, velocity, and if possible, magnetic fields in coronal loops High resolution 
optical spectra or narrow-band filter photography can supply such information during 
total eclipse and should be pursued. 

It is still an open question as to whether Joule heating or the dissipation of 
mechanical waves or both are responsible for the heating of loops During the 1980 
eclipse the Williams College team searched for wave motions with penods as short as 
one second. Their results are, at best, ambiguous and further work m this direction is 
sorely needed. 

D Coronal Holes 

Observations with an externally occulted coronagraph abroad the Skylab suggest 
that the critical pomt m the solar wind lies at a distance of two to five radii above a 
coronal hole To make further progress m understanding the acceleration of the wind, 
we badly need measurements of temperature and velocity m this region- The High 
Altitude Observatory and Center for Astrophysics have flown two successful rocket 
experiments to measure the profile of chromospheric Lyman-« scattered from coronal 
hydrogen atoms Assuming spherical symmetry, they are able to derive the tempera¬ 
ture and temperature gradient in the region between two and six radii 

Another rocket experiment, flown by the Laboratory for Atmospheric and Space 
Physics at the University of Colorado, has measured the doppler shift of the coronal 
magnesium lines at 625A above a coronal hole in order to determine the velocity 
and mass flux in the inner corona These experiments show great promise m giving 
us the information we need There are other possibilities, however 

The Los Alamos group, for example, has constructed an experiment to be flown 
on a fast aircraft during the eclipse to measure the residual intensity of the Calcium 
K line m the electron-scattered coronal continuum The intensity is determined by 
Doppler broadening by thermal electrons, as Grotnan suggested around 1940 This 
experiment has interesting prospects for an independent measure of the temperature 
m streamers and possibly m coronal holes 

Prominences 

During the last decade, spectroscopy of prominences both m and out of eclipse has 
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improved our knowledge of their temperature and density structure. However, we still 
have surprisingly little information about the “transition zone” between the cold 
prominence material and the corona We know virtually nothing about the gradient 
of temperature and the velocity and mass flux across this zone. Here we need some 
really new ingenious ideas, and I am afraid I have nothing specific to suggest There 
is no question, however, that the low sky background attainable during the eclipse 
would help m exploring this unknown region 

Vector magnetic field measurement m prominences have been earned out 
successfully at Sacramento Peak by the High Altitude Observatory group and their 
collaborators Although a good start has been made, it is likely that more refined 
observations, with higher spatial resolution, will be needed before we have a good 
understanding of how the prominence material is supported against the force of 
gravity and how its radiative energy losses are supplied. We need high resolution 
two-dimensional Stokes measurements. These may be possible during total eclipse 
using the kind of narrow-band filters being built at the Lockheed Palo Alto 
Laboratories. 


Small Photospheric Structure 

Ground-based observations of the smallest photospheric structures (intergranular 
lanes, filigree, umbral dots, and the elusive magnetic flux elements) are all limited 
ultimately by seeing A number of investigators have attempted to use the sharp 
moon’s limb during a total or partial eclipse to derive the modulation transfer func¬ 
tion and so correct their obse vations for seeing. They find one-dimensional corrected 
spatial power spectra, but not images To my knowledge, no one has applied yet 
speckle interferometry during a total eclipse to obtain two-dimensional images. The 
lunar profile is known extremely well, and the angular scale of the mountains one the 
moon are of the same order, 1 e, an arcsecond or less, as the structures on would 
like to resolve The moon could thus serve as an extraterrestrial for the speckle obser¬ 
vations. The moon takes 4 to 6 seconds to cross a typical isoplanetic patch of 2 to 3 
arcseconds, so that a reasonable time is available to collect images of a fine structure 
It seems woith exploring an experiment to record very rapidly speckle photo¬ 
graphs with a large aperture telescope or with a Michelson interferometer in 
order to investigate photospheric structures with a size as small as a tenth of an 
arcsecond 


Solar Diameter Measurement 

The U.S. Naval Observatory group has been successful in measu mg the olar dia¬ 
meter to a few hundredths of an arose ond dunng the past three solar eclipses 
I personally feel that this simple and precise experiment should be repeated for the 
next decade whenever possible. As S Sofia and H Hill have hown, the diameter of 
the Sun is an indirect measure of the solar luminosity, a quan lty which is still 
\ery difficult to measure with the requisite precision and which is of vital impor¬ 
tance to climatology 



10 


J. B ZIRKER 


Conclusion 

In this short survey, I have tned to sketch some of the areas in solar physics that 
could benefit from observations at future solar eclipses On the whole, I think such 
experiments will continue to attract imaginative experimenters who recognize an 
opportunity to carry out new and exciting science m a relatively inexpensive and 
painless way. 
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A rocket borne experiment to measure the temperature structure of the inner 
solar corona via the doppler broadening of the resonance hydrogen Lyman-a 
(X 1216A) radiation scattered by ambient neutral hydrogen atoms was attempted 
during the 16 February 1980 solar eclipse. Two Nike-Black Brant V sounding 
rockets carrying instrumented payloads were launched into the path of the 
advancing eclipse umbra from the San Marco satellite launch platform 3 miles off 
the east coast of Kenya 

Keywords* Coronal Temperature; Lyman-a; UV Spectroscopy; Ion Densities 

Introduction 

Within the last several years a wealth of information concerning the physical state of 
the sun’s chromosphere-corona transition region and lower corona have become 
available primarily as a result of the NASA sponsored Skylab Program Although 
much effort has been expended, it is fair to say that very little concrete evidence is 
presently m hand concerning the basic heating and cooling mechanisms of either the 
quiet or active solar corona In particular, the form of the energy flux which maintains 
the corona and the radial dependence of the divergence of this flux are not under¬ 
stood The primary cause of our uncertainty is a lack of information concerning the 
physical state of the coronal plasma beyond about 2 x 10 4 km above the photo¬ 
sphere Present EUV and X-ray instrumentation literally run out of gas m this region 
Since the coronal temperature is the major uncertain factor m the modelling of 
the corona and solar wind, a knowledge of the temperature and its variation through¬ 
out the corona and solar wind is most important. The other factors—the coronal 



12 


HAROLD V. ARGO et al. 


density and the magnetic field—are now accessible by ground based observations of 
the polarisation of both the coronal continuum and coronal emission lines 

During the 7 March 1970 solar eclipse it was discovered that the solar corona 
emits a very intense radiation m the hydrogen Lyman-a line at 1215.7A (Fig. 1). 
Gabriel (1971) showed that the mam mechanism responsible for this emission was the 
very eflBcient resonance scattering of the chromospheric Lyman-* radiation by the 
few neutral hydrogen atoms left m the hostile environment of the 1-2 million degree 
coronal plasma. Of secondary importance was the collisional excitation of the neutral 
atoms followed by photo de-excitation. 



HEIGHT ABOVE LIMB (10 s km) 

RADIAL BRIGHTNESS VARIATION OF THE LYMAN a CORONA CURVES I, 
2. AND 3 REPRESENT OBSERVATIONS AT SOLAR N, W. and E, 4 IS AT AN 
INTENSE WHITE LIGHT STREAMER, 5 IS A QUIET COOL REGION AND B IS 
AT A CORONAL CONDENSATION 

Flo 1 The 7 March 1970 Solar Eclipse Data by Gabriel 


This discovery of Gabriel led one of us (Jacques Beckers) to conceive this experi¬ 
ment which measures the coronal temperature and density distributions throughout 
the inner corona from a determination of the line profiles and intensities of the 
Lyman-* emission in this region J M Beckers and E Chipman (1974) subsequently 
showed that indeed in the inner corona (p < 2) the line width is a sensitive indicator 
of the coronal temperature 

In simplified but still applicable terms, if the corona were stationary the width of 
the emission lme for a given atomic species would be proportional to the Doppler 
component of the mean thermal velocity of that atom, which m turn is inversely 
proportional to the square root of the mass Thus the widths of lines of light hydrogen 
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atoms are much more sensitive as temperature indicators than are those of the usually 
observed metallic ions. Furthermore, because of the light mass, the thermal velocities 
of the hydrogen atoms (approximately 300km/sec) are substantially higher than the 
ever-present nonthermal motions which therefore have little effect on the Lyman-* 
line width. In contrast, the typical line used for similar studies, Fe XIV A 5303A, is 
affected by the unknown nonthermal motions which are believed to be comparable to 
the thermal motions and are virtually indistinguishable m their effect on line widths. 
In fact, a comparison of the Lyman-a line width with the heavy ion line widths would 
give the first direct determination of these turbulent motions of both types of lines 
originated m the same parts of the corona It has been argued, however, that the 
coronal temperatures vary significantly from point to point m the corona, making the 
comparison between the hydrogen and heavy ion line width more complex The Fe 
XIV green line originates for example only m regions of the corona within specific 
temperature boundaries (15 to 2 5 million degrees) corresponding to the tempera¬ 
tures at which most iron atoms are thirteen times ionized The green line profile 
would therefore reflect the physical conditions in those regions only The same is 
true for the Fe X A 6375A line Since the degree of hydrogen ionization is much less 
sensitive to the coronal temperatures than the degree of ionization of other heavier 
atoms (Gabriel, 1971), the temperature derived from the Lyman-* line width should 
represent a very much better, truer average of the temperature than that derived from 
intensities of other lines Line intensity methods of deducting plasma temperatures 
depend also on the accuracy of a host of uncertain complex atomic parameters, their 
interactions with radiation, and some knowledge of coronal density. 

This experiment is the first attempt to obtain a reliable inner corona temperature 
distribution using the Lyman-a line profile The experiment can be performed only 
during a solar eclipse when the scattered light conditions are optimum for probing the 
inner corona down to the chromosphere, the very region where the greatest tempera¬ 
ture gradients exist and no direct measurements have been made 

Instrument Description 

Fig 2 is a schematic of the instrument It utilizes a 125mm diameter cassegrain tele- 

EBERT-FASTIE SPECTOGRAPH 


CASSEGRAIN TELESCOPE 



Fig 2 A schematic sketch ot the cassegrain telescope—Ebert spectrograph system developed tor 
the Lyman-a Eclipse Experiment The optics are f/8 
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scope with an effective aperture ratio of f/8 to image the sun with about a 10mm 
solar diameter The useful image field is about 25mm square Fig 3 shows the spectro¬ 
meter slit configuration super-imposed upon the photograph of the corona in white 
light scattered by free electrons, taken by Dr Gordon Newkirk during the 7 March 
1970 solar eclipse Since the distributions of free electrons and neutral hydrogen 
atoms are quite similar, this is a good simulation of the Lyman-a corona The 21 
slits located m the focal plane of the telescope give 21 cross-sections of the corona 
Those slits normal to the lunar limb will give very detailed information about the 
height variation m the corona, and those slits more parallel to the lunar limb will 
provide more information on the temperature variation across coronal streamers and 
active regions 



a superposition ol the multiple slit entrance aperture for the spectrog 
the slits™ 03 p " otograp k ^he Lyman-a line profiles will be obtained 


at all points along 


This slit array m turn provides the entrance aperture for the 500mm focal length 
modified Ebert-Fastie type spectrograph we have adopted The Ebert-Fastie optical 
system was chosen in preference to the asymmetrical Czerny-Turner system both 
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because of simplicity and ease of alignment and because an analysis of aberrations 
showed that parabolizing the Ebert mirror would permit both high spectral and 
spatial resolution over the full 25 x 25mm square held depicted in Fig 3 A fortunate 
balance of held distortions between the f/8 cassegrain and the parabolize- Ebert-Fastie 
spectrograph allows the use of linear slits through the full length of the held, as shown 

A multiple slit system of alternate 20/* and 60/* slits was chosen to optimize the 
inevitable compromise between intensity requirements and the desire o for spectral 
resolution compatible with the expected Lyman-a line widths of about 1A (FWHM) 
for coronal temperatures near 1 5(10)® °K. The system will resolve 1/5 to 1/10 of this 
over nearly all of the held. 

The diffraction grating has a ruling frequency of 3600 grooves o per mm and used 
in first order produces an 18/* image for a wavelength range of 0 1A, a suitable match 
for the 20/t slits The slits have 1mm separation corresponding to 5 6A m a focal 
plane, which is ample to prevent overlapping of line images in the focal. The nearest 
coronal line that might interfere with the Lyman-a at 1216Aisthe Si III A 1206.5A 
which is normally about a factor 50 down in intensity from the Lyman-«. 

The instruments recorded the spectral images on Eastman type 101 spectroscopic 
him earned m water tight motorized him cassettes that took sequences of exposures 
varying in length from Is to 60s On the basis of the 7 March 1970 eclipse 
data of Gabnel, the anticipated coronal Lyman-a intensities should give usable 
line intensities near the lunar limb with 1 second exposures and 20f* slits The 
60 second exposures and 60/* slits should probe further out into the corona The 
overall dynamic range will be the normal him latitude times the factor 180 provided 
by the slit widths and exposure times Table I lists the instrument sensitivity and 
exposure factors. 


Table I 

Intensity and exposure factors 


• Gabriel (1970) reports a measured brightness at 1 3 Rq of 5(10) ia photons/cm 2 second sterad 
Lyman-a \ 1216 A 

• This instrument will del'ver > 1 3(10) 4 photons/second onto a 20y. square of film, given 5(10)’* 
photons/cm 2 second sterad input 

• Laboratory calibration of this instrument on 101 film shows 3(10) 4 photons/20 i* element will 
give image above background 

• On the basis of the above fluxes, a 20[* slit imaging near the limb should give useable line 
intensities with A 1 second exposure 

Two complete rocket payloads were prepared and launched to improve the overall 
probability of a successful launch and recovery Orienting the two slit systems at 90° 
to each other during the eclipse data taking and combining the resultant images during 
the data analyses gives a two-dimensional grid of data to assist in interpretation 
Two Nike-Black Brant V rockets carried the instrument payloads to altitudes 
near 350km The rockets were launched eastward from the San Marco Satellite Launch 
Platform 3 miles off the coast of Kenya, near Malindi Fig 4 is a schematic represent¬ 
ation of the rocket payload and the trajectory into the umbral shadow After nose cone 
ejection at 60s, the attitude control system (ACS) had about 180s to orient the 
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optic axes of the telescope toward the eclipsing sun and become stabilized before 
entering totality. Active control of the pointing was passed over to a stable platform 
prior to entering totality, and drift was limited to less than one arc sec per sec of time. 
A nominal trajectory gave over 500s in totality. 



Fio. 4. A schematic drawing of a typical payload trajectory intersection with the umbral shadow. 

The recovery was by parachute into the water where a float system with ligh t and 
radio beacons guided recovery aircraft to the site, and they, in turn, vectored recovery 
boats to the floating payloads 


Results 

The two Nike-Black Brant V rockets were launched precisely on schedule and per- 
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formed as programmed. Unfortunately, an idiosynchracy m the complex ACS pre¬ 
vented the system from looking on to the eclipsed sun and no useful data were 
acquired. 


Discussion 

This attempted measurement remains one of the most important measurements still 
to be made on the physical characteristics of the inner corona. Current technology 
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Acknowledgements 

This experiment was supported by the National Aeronautics and Space Administra¬ 
tion, the Department of Energy, and the National Science Foundation. 

References 

Beckers, J. M., and Chipman, E. (1974) The profile and polarization of the coronal Lyman alpha 
line. Solar Phys, 34,151-161. 

Gabriel, A. H. (1971) Measurements on the Lyman alpha corona. Solar Phys., 21,392-400. 



® Proc Indian natn , Scu Acad, 48, Supplement No. 3, 1982, pp 18-28 

Printed m India 

Astronomy 


PRELIMINARY RESULTS FROM ECLIPSE CORONAL 
VELOCITY OBSERVATIONS 

W Livingston and J Harvey 

Kitt Peak National Observatory*, Tucson , Arizona , US A 
(Received 7 August 1981) 

A multislit, high dispersion spectrograph has yielded coronal 5303A green line 
spectra, with neon comparisons, along parallds of latitude out to 1 5 Rq m 
Mexico (1970), Kenya (1973) and India (1980) K-coronameter synoptic data 
centered about the eclipse dates have allowed observed line shifts to be identified 
with discrete coronal features Results are 

1) From plane-of-sky features the rest wavelength of Fe XIV is found to 
be 5302 81±0 01A 

2) Sidereal rotation rate of the corona, near the equator, is 13 6±2.9 
deg/day, or essentially the same as the photosphere 

3) Systematic radial flows towards the sun, 3-15km/sec, are found m about 
30 per cent of our samples. This may be evidence for the “siphon flows” 
discussed theoretically by Cargill and Priest (1980) 

4) In terms of small scale random velocities the corona is remarkably 
quiet Although line-of-sight velocities up to 12km/sec are seen, 0 5 
km/sec is characteristic of the inner corona at a resolution of 20,000km 

5) The width of 5303, if assumed thermal yields 1 5-1 7 (10®)°K The 
width shows a slight decrease outward except in active regions where 
there is a slight increase 

Keywords: Solar Eclipse; Solar Corona; Colonal Velocity 

Introduction 

A multislit high dispersion spectrograph has been successfully employed to measure 
coronal velocities and line profiles using the emission line of Fe XIV at the total eclipses 
of 1970 (Mexico), 1973 (Kenya) and 1980 (India) The original intent was to deduce 
a rotation rate for the corona At present, we are uncertain to what degree the coronal 
gas co-rotates with the underlying solar surface. Our results do contain information 
on rotation but an uncertainty of 20 per cent, arising from various other systematic 
and random flow patterns precludes differentiating between rotation models without 
observing an impractical number of eclipses However, these “disturbing” flow pat¬ 
terns have proved even more interesting than rotation We find that the corona is 
remarkably quiescent and that most of the sensed motion is towards the sun The latter 
observation may be an evidence for hypothetical siphon flows which transport matci lal 
between the ends of large coronal loops In this report we describe the instrument, 


W ithft?Enai : Saena S FoundaSon f ^Umveraties for Research in Astronomy, [nc, under contract 



A ROCKET BORNE SOLAR ECLIPSE EXPERIMENT 


17 


formed as programmed. Unfortunately, an idiosynchracy m the complex ACS pre¬ 
vented the system from looking on to the eclipsed sun and no useful data were 
acquired. 
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Frame No. 

Position 

Exposure 


Cent. Slit* 

Ne 

FeXTV 

1 

-3° 

15* 

90 s w/graded filter 

2 

—5° 

15 

25 


‘Heliographic latitude. 

The film was hand developed m D76 for 8“ at 20 °C to produce a gamma of near 
unity . P-ramples of these and other spectra taken with this instrument are given in 
Fig. 2 of Livingston et al. (1980) 

B. Kenya, 29 June 1973 

The equipment operated by L A. Doe and W. Livingston was located at the mam 
American site in Loiyengalani on Lake Rudolf (latitude=N 2° 45'; longitude*® 
E 36° 42') A somewhat hazy sky caused us to reduce the number of slits to three. With 
the sun at an altitude of 37°, second contact began at 15:57 local time. No graded 
filter was used. 


Frame No. 

Position 


Exposure 


Cent Slit 

Ne 

Fe XIV 

1 

—2° 

10* 

90* 

2 

—2 

10 

15 

3 

+17 

10 

30 

4 

—25 

10 

30 

5 

+33 

10 

-25 


Film was machine processed in a Versamat processor at 5ft/nun to yield a g amm a 
near unity. 

C. India, 16 February 1980 

The equipment operated by J. Harvey, G Ladd and W. Livingston, was again 
located at the main American camp this being at Japal-Rangapur Observatory, 
Andhra Pradesh (lattude-N 17°6'; longitude=E 78°45'). The sun’s altitude was 32° 
at second contact, 15.46 local time. Five slits were open with the image offset so that 
one sht passed through a coronal hole in the south 


Frame No 

Position 

Exposure 



Cent. Sht 

Ne 

Fe XIV 

1 

~ —20 


1* 

2 

--20 

20* 

110 


The film was again machine processed at 5 ft/min. 
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Tabu I 

Published wavelengths of the green line 


X(LA.) 

eclipse 

reference 

5303.1 

<1893-1918> 

Campbell and Moore (1918a) 

5302.80 

1918 

Campbell and Moore (19183) 

5303.0 

1918 

Slipher (1922) 

5302.80 

1926 

Davidson and Stratton (1927) 

5302.9 

1929 

Grotnan (1934) 

5303.0 

1930 

Moore and Menzel (1930) 

5302.91 

1930 

Mitchell (1932) 

5302.85 

— 

Lyot (1932) 

5302.77 

1936 

Tanaka et al , (1937) 

5303.2 

1936 

Petrie and Menzel (1942) 

5302.86 db 0.02 

— 

Lyot (1939) 

5301.9 

1952 

Aly (1955) 

5303.4 ±0.4 

1965 

Jefferies (1969) 

5302.775 

— 

Tsubaki (1975) 


principal coronal structures lay outside the sky plane in 1970, making this eclipse 
unfavourable for rest wavelength measurements. Fortunately, similar data for 1973 
(e.g., Poulain, 1974) show that much of the west limb and part of the east limb corona 
was in the sky plane, and our determinations are confined to these features. 

Starting with file rectified wavelengths found above we remove the effect rotation 
by assuming a rigid coronal rotation at a sidereal rate of 13 6 deg/day Table II gives 
the individual values leading to a mean of 5302 91 ± 0.01 This is the solar wave¬ 
length on the international scale without an adjustment for gravitational red shift. 

Tabu II 


Rest wavelength of the green line front sky-plane features m 1973 


Frame 

Slit limb 

x (IA) 

4 

north both 

5302 812 

3 

south both 

.819 

2 

centre east 

806 

5 

south east 

806 

5 

centre both 

.814 


mean 

5302 81 ±001 


The dominant error remaining is caused, we believe, by residual coronal motions 
Systematic errors due to the limited numbers of reference line measurements give an 
uncertainty of * 0.008A Random error arising from film grain and the fixed pattern 
noise of the image tube is ± 0.003A. 

Rotation 

Information on coronal rotation is summarized in Fig 10 of Bohhn’s (1970) review 
Probably, the method which produces the most consistent is that of tracers, i e, 
timing the consecutive passage of long-lived streamers We recall, though, that m 
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longitudinal motions, implies velocities of the order of 0 3km/s which is small com¬ 
pared to the observed radial components 

We have computed the relative intensity of the green line as a function of dis- 
tance along the LOS using the excitation equilibrium equation given by Billings (p 
138, 1966), ionization equilibria given by Landim and Fossi (1972) and a tempe¬ 
rature distribution with radius vector r varying as 

T (r) - 1 5 (10 8 ) (r/i? 0 ) 4 ' 7 

following Newkirk (1967) Three-dimensional electron density information was 
generously provided for 1970 and 1973 by M Perry, M Altschuler, D Brown, R 
Hansen and S Hansen based on K-coronameter observations (see Perry & Altschuler, 
1973) 

B Deduction of Flow Patterns Figs. 1 and 2 compare our LOS velocities with the 
white light corona The only notable correlation is that the highest velocities occur in 
the ray structure of reduced brightness 



Fig 1 High Altitude Observatory white light photo of 1970 corona with our spectroscopic deduced 
velocities super-imposed along the multi-slit intercepts 


An objective measure of flow direction is obtained fiom the product of velocity 
and position of origin as given by the contribution function Let the residual LOS 
velocity at each point i be v, km/s, with v« X) for recession The corresponding sky- 
plane distance is Z„ in units of -R^, with Z, ^ 0 for material earthward of the sky- 
plane Then for each limb chord / we compute 
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Fig. 2. Same as Fig 1 except for 1973 

Here n is the appropriate number of 20,000km steps along the slit within which p e 
v, < ± 02km/s The pe v, depends on brightness 

Vj is a weighted indicator of velocity direction, with positive Vj being inward, 
negative outward Table IV tabulates V 3 and identifies the heliographic slit positions 
The majority of features have low weight and the direction is uncertain The interest¬ 
ing point is that the high weight features are directed inward toward the sun. 

Excluding the low weight features, we could estimate the sun-directed velocities 
along the various rays and streamers From the contribution function we obtained 0, 
the angle between the feature and the sky-plane Then Vj == V> sin -1 0 Where V 3 is 
the average LOS velocity for chord j Table IV also lists these values The inferred 
peak velocity is 15 4km/s inward, the mean is 3 7 sfc 1 4km/s omitting this peak 
value 

Random Motion y 

After removing the effects of solar rotation and what we have termed systematic 
flows we are with small scale random motions Neglecting the very large velocities, 
identified m the preceding section, an average of 0 5km/s appears characteristic of 
random motion at our 20,000km resolution This conflicts somewhat with the find¬ 
ings of previous studies where a much more turbulent corona is indicated (e g, see 
Delone & Makarova, 1969, and Babin & Steshenko, 1973) 

Width of Gteen Line 

Our rectified spectra yield line widths for each position along the slit Typically 
the line width, when interpreted as purely thermal, gives temperatures of 2-5 (10 6 )“ K. 
In general, the width decreases outward except over active regions where we see 
a slight increase with height Such high temperatures are not consistent with 



Tablf IV 


to 

ON 


Sum mar v of deduced velocities 





East km/s* 1 



West km/s" 1 



0 

V, 

1/ 

v. 

V 

V, 

V V<n 

V 



1970 


+ 64 


0 22 

40 

1 2 out 

+0 19 

—0 33 

22 

2 1 in 

+23 


—0 19 

1 4 

1 4 in 

+ 0 17 

—0 56 

30 

5 3 in 

- 3 


—0 43 

28 

2 7 out 

+0 71 

1 54 

30 

8 1 m 

-29 


—0 49 

26 

bifurcated 

—0 28 

0 80 

1 2 

38 in 

- 83 


—0 15 

34 

bifurcated 

+ 0 35 

1 17 

12 0 

5 2m 

1971 

+ 68 


+ 1 55 

20 

4 8 in 

0 68 

—1 48 

40 

6 6 in 

+41 


+ 0 24 

20 

1 0 in 

—0 23 

—1 36 

23 

sky-plane 

+ 33 


+0 05 

1 4 

bifurcated 

009 

0 28 

34 

sky-plane 

+ 20 20, 17 

+0 05 

—0 04 

0 5 


0 21 

—2 16 

36 

sky-plane 

10 

—0 03 

+0 22 

1 0 

1 1 Out 

004 

—0 33 

1 0 

4 7m 

—2-2 —3 

+ 001 

—Oil 

07 

bifurcated 

006 

—0 25 

10 

bifurcated 

—24, —24, -25 

+0 40 

+ 1 21 

1 6 

5 4 in 

—0 07 

0 42 

1 0 

2 2 out 

- 53 

+ 301 

+ 4 51 

56 

15 4 in 

—0 26 

1 38 

22 

sky-plane 


* =solui latitude ( =a\erage %elocit\ E*=peak velocity V=deduced vector velocity, V 7 see text 
Multiple \ alues ol 0 means that the obsenations fiom those latitudes have been averaged togethei 
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the indicated ionization condition and we can hypothesize either an isotropic turbu¬ 
lence 40km/s or the superposition of unresolved anisotropic flows If we fix our 
attention on the regions of minimum line width we deduce a temperature of 1 5-1.7 
(10®) °K 


Discussion 

Our finding that most of the reliably detected flows were downward to the surface 
came as a surprise. One thinks of the corona as serving as the roots for the outward 
bound solar wind But either the outward motion is too small very near the sun or, 
as in the case of coronal holes, the gas may be too tenuous to register on our spectra. 
Moreover, the brightest regions are magnetically closed, in any case, and would 
not contribute to an outflow 

The penphenes of helmet structures contribute the most to our spectra because 
their material cross-section is the greatest Typically, a helmet lies adjacent to a 
coronal hole which is a region of weak magnetic flux. Perhaps then we have evidence 
for the siphon flows discussed by Cargill and Priest (1980). Their model indicates 
that material may be preferentially siphoned from high field regions (intenor to 
helmets) to the low field’s edge outlining the helmet. A more detailed investigation of 
the siphon flow model and its relation to our data is planned. 
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OBSERVATIONS FOR CORONAL VELOCITY FIELD AND COLOUR 
MOVIE OF FLASH SPECTRUM DURING TOTAL SOLAR 
ECLIPSE OF 16 FEBRUARY 1980 

A. Bhatnagar, D B Jadhav, R. M. Jain, R N Shelke* and S. P. Purohit 
Vedhshala, Udaipur Solar Observatory, Udaipur, India 
(Received 7 August 1981, after Revision 27 September 1981) 

Observations using a multi-slit spectrograph at 5303A Fe XIV Ime were obtained 
during the 16 February 1980 total solar eclipse, for velocity field determination in 
the solar corona A colour movie film of flash spectrum was obtained using an 
objective pnsm coupled with a telephoto lens 

Keywords: Coronal Velocity Field; Flash Spectrum; Multi-slit Spectrograph 
Coronal Velocity Field 

An improved knowledge of the coronal velocity field is basic to an understanding of 
the dynamics of the sun’s atmosphere. Observations made so far indicate that coronal 
velocity field is made up of two components—a rotational velocity and a random 
velocity. The picture that emerges is of an inner corona rotating as a solid extension 
of the photosphere with outward streaming elements. More observations are needed 
to define the motions and also to determine to what extent the corona co-rotates with 
the underlying photosphere as a function of height and latitude 

Our experiment conducted during the total solar eclipse of 16 February 1980, 
was designed to measure the line of sight velocity component of the coronal gases, 
upto a distance of about 0 5 solar radii from the limb of the sun A similar attempt 
had been made earlier during the 1970 and 1973 total eclipse by Livingston et al 
(1973, 1980) of Kitt Peak National Observatory, USA They obtained an unexpected 
result, that instead of outward flow of coronal material, which normally one would 
expect, an inflow of material towards the sun was observed This is an interesting 
result and needs further verification and confirmation, as it is of fundamental im¬ 
portance to understand the dynamics of the solar coronal material 

Our team from the Vedhshala Udaipur Solar Observatory had built a multi-slit 
Littrow spectrograph having 5 slits for taking simultaneous spectra of the coronal 
line of Fe XIV at 5303A, so that in a single exposure one could obtain 5 spectra of 
different regions m the corona and the line of sight component of velocity field in 
the corona. 

The sunlight was directed from a 8'-coelostat to a 150mm aperture f/13 
objective lens This formed a 20mm diameter solar image at the multi-slit. This multi- 


*presented by R N Shelke 
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slit comprises of 5 slits, each separated by 10mm A 200A pass-band filter centered at 
5300A was placed before the multislit to act as a blocking filter to isolate the 5303A 
emission lin e. Just behind the multisht a field lens of 1 meter focal length was used to 
decrease the vignetting on to the grating A Littrow lens of 1.27 meter focal length 
and a plane reflecting grating having 600 lmes/mm and blazed m the second order 
green was used, to yield a dispersion of 5.2A/mm m the second order. 

The slit positions with respect to solar image is shown m Fig 1. The solar image 
was centered on the mu ltisht in such a way that one slit crossed the sun s disc near 

DIAGRAM OF SLIT POSITIONS 
FOR TAKING MULTI-SLIT SPECTRA 


I n m 



Fig 1 Slit positions I, H and III with respect to the solar image Sun’s north, south, east-west 
directions are indicated. 


the disc centre and one slit near the northern limb and the other beyond the southern 
limb of the sun in the corona m the hope of determining velocity field m the coronal 
hole, which was known to be seen near the south pole. The remaining two slits were 
blocked to decrease the scattered light m the spectrograph Only one spectrum during 
the totality with an exposure of 120 seconds was obtained on 11-a-D Eastman Kodak 
plate A comparison spectrum of mercury lamp was also obtained on the same plate 
for Doppler shift measurement ofthe coronal line Fig 2 shows multisht spectrogram 
of coronal line 5303A and 5461A mercury comparison line. The coronal emission 
line 5303A could be recorded only on two slits, the 3rd slit was placed too fai out in 
the corona where the line intensity was low and therefore 5303A line was not record¬ 
ed On this spectrum, the coronal line appears upto a maximum of about 0 3 solar 
radii from the limb of the sun. 

Detailed analysis of the multi-slit spectra is m progress, for determination of the 
coronal velocity field 
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Flu 3 Colour print of flash spectrum Brilliant arcs are emission lines due to Ha, Hel, Mgb, Hp 
and ionized calcium (H&K) 
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Fig 2 


5303 A 
5303 A 

5461 A 

5461 A 
5461 A. 



fcj 


a 

a 


Multi-slit coronal spectra in 5303A line and comparison spectra of Hg 5461A The three 
slit positions are marked on the top as I, II and III 


Flash Spectrum Colour Movie 

Our second experiment was to obtain a movie of the flash spectrum in colour 

Just before the totality, dark absorption spectrum of the photosphere vanishes 
and bright emission line spectrum appears The narrow crescent of the sun and the 
edge of the moon together act as a slit of spectrograph, thus throwing a brilliant arc¬ 
shaped emission line spectrum for a few seconds of the chromosphere, called the tfc flash 
spectrum ” As the edge of the moon moves a finite distance m front of solar chromo¬ 
sphere, the spectra of radiation from different heights in chromosphere are observed 
and from these one could determine the distance from which various radiations due to 
Hydrogen, Helium and metals etc, originate 

For the flash spectrum observations, we used a 60°-objective pi ism placed m 
front of a 210mm focal length f/4 0 telephoto lens attached to a 35mm movie cameia 
with Eastman-Colour film and a Kodak 85 filter for pioper colour balance This 
arrangement gave Q a dispersion^of nearly 80A/mm at Hy and the flash spectrum in the 
range from 6563A upto 3950A was obtained The cinematogiaphic observations ot 
the flash spectrum was made at a rate of 24 frames/second A total of 300 good spectra 
have been obtained before and around the second contact, but the flash spectrum 
observations were missed after the 3rd contact, due to delay in starting the movie 
camera Fig 3 shows one of the frames of flash spectrum The arcs aie the emission 
lines due to H a , Hel, Mgb, Hp and ionized calcium (H&K) As the time advanced 
the moon covered higher and higher layers of the chromosphere and lesulting de¬ 
crease in intensity of Mgb, Hel and H & K lines in this order The flash spectrum 
movie was taken at a rapid rate of 24 frames/second, hence theoretically the spatial 
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resolution obtained from one frame to next would yield better than 15 kilometers on 
the sun A frame by frame analysis of the spectral lines would give information on 
the heights of various emission lines m the chromosphere. The colour movie sequence 
of the flash spectrum shows a spectacular view of the disappearance of the chromo¬ 
spheric emission lines and leaves a marvellous visual impression. 
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AIRBORNE ECLIPSE EXPEDITION: 

A DESCRIPTION OF FIVE EXPERIMENTS TO DETERMINE 
TEMPERATURE, DENSITY AND STRUCTURE IN THE CORONA 

C. F. Keller 

National Science Foundation, Washington DC 20550, U.S.A. 
{Received 7 August 1981 ) 

Los Alamos flew five experiments to Kenya abroad a USAF NC-135 aircraft. 
Altitude of observations was 11.5km, solar altitude was 81 degrees; totality 
duration was 7*» 06*. 

Four of the experiments were a unified set to determine coronal temperatures and 
densities 

(1) Heavy Ion Temperatures from high resolution emission line profiles to 2.5 d Rq 

(2) Electron Temperatures from broadening of absorption features centered on 
H and K CeU=fc750 A using a method due to L s Cramm, to 2.0 Ro 

(3) Electron Density from photographia polarimetnc photometry to 12 Ro. 

(4) Images of corona from 500 to 1000mm cameras which reduces radial bright¬ 
ness gradient and from computer enhancement of images taken for (3). 

The fifth experiment searched at 0 7 and 2.2 for emission due to circumsolar 

dust out to 50 Rq. 


Results 

(1) Electron temperature experiment failed to record data due to faulty com¬ 
puter storage disc. 

(2) Excellent data on emission line profiles of Fe XIV (530 3nm) and Ca XV 
(569nm). 

(3) Excellent photographic polanmetiy and absolute photometry of inner (limb 
to 2 6 Ro) and outer corona (2-12 Rq) as well as absolute photometry to 20 Ro 
Preliminary reduction shows sky background brightness of 1 5 x 10" 10 solar mean 
brightness and that the polar corona was approximately three times brighter than 
in 1973 Isophotes are essentially circular to 5 Ro where F-corona begins to 
contribute extra intensity to equatorial regions. 

(4) Good photographic images to 12 Ro resulted from electron density photo¬ 
graphy and to 7 Ro from radially graded reduction cameras although filters not 
perfectly centered. At the time of experiment we recorded a complete coronal 
transient in West limb to 7 Rq . 

(5) Infrared observations show emission at 7 Ro but none beyond that to 50 
Ro thus questioning recent observations of 20 Ro features 

Keywordss: Solar Eclipse; Solar Corona 

Introduction 


On 16 February 1980, the moon’s shadow raced across our planet fiom the Atlantic 
Ocean to China at about 1600 kilometres per hour. Thousands of spectators and 
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scientists scattered along the shadow’s path lifted their heads to glimpse the pearly 
glow of the solar corona, the sun’s outermost atmosphere Near the midpoint of this 
path where sun, moon, and earth were aligned for the longest time, a high-altitude 
United States Air Force jet made its carefully programmed rendezvous with the 
eclipse shadow. Aboard the aircraft were 18 Los Alamos scientists, observers from 
University and Kitt Peak National Observatory, a 12-man Air Force flight 
and support crew, a Kenyan observer, and two media representatives 

We were intent on recording the conditions in the solar corona during the 
second hi ghes t peak in solar activity in the past century. Five experiments, planned 
months ahead, were mounted inside the aircraft to make high-resolution measure¬ 
ments of coro nal morphology, electron densities, electron temperatures, ion tempe¬ 
ratures, and circumsolar dust rings. Our expedition was the seventh in a senes of 
Los Alamos airborne missions that began in 1965 as an outgrowth of the national 
Test Readiness Program. 

Du ring a total eclipse the aircraft provides near ideal conditions for observing 
the solar corona At an altitude of 11 kilometers (36,000 feet) we enjoy freedom from 
cloud cover and reduced sky brightness and, by flying along the eclipse path, we 
increase the time of totality by 50 per cent or more In 1980, we had an unobstructed 
overhead view of the echpse for 7 minutes and 7 seconds. 

Problem of Coronal Temperatures 

The key parameters for modelling energy transport m the corona are the distribution 
of electrons and ions in the corona and their temperature, or, more precisely, their 
velocity distribution 

The average values of the particle distribution are fairly well known, but not 
the temperature distribution. We would like to know not only gross averages but 
details of temperature distributions m various structural features of the corona since 
the energy transport will vary from one to another At present the results from various 
methods gathered at various times are m disagreement Although these discrepancies 
are understandable, given the fact that the vanous methods for measuring temperature 
involve different assumptions, the methods are complementary, if done in a coordi¬ 
nated fashion, the separate measurements can be compared to yield more informa¬ 
tion than any single one can yield alone 

The results of recent temperature measurements shown m Fig 1 are in obvious 
disagreement In coronal holes (Fig 1 a), we see upper and lower limits on kinetic 
temperatures based on electron density data. The lower limit is sol MIC based on the 
assumption of a static, isothermal corona The Skylab electron density data, inter¬ 
preted through a model that accounts for expansion velocities as described above, 
results in a steeply rismg curve that reaches 3 5 MK by 3 R 0 The other three obser¬ 
vations fall within these bounds but are too sparse to allow determination of the 
position of the temperature maximum The single EUV temperature and the single 
Lyman-a-proton temperature suggest extended magnetic heating When the Los 
Alamos iron ion temperatures are included, the temperature maximum moves below 
1-3 R 0 

Fig. 16 shows similar results for relatively quiet regions of the corona (regions 
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that are devoid of obvious streamers but are not coronal holes). Neglecting the iron 
ion temperature puts the temperature maximum beyond 1 4 2?©; including it moves 
the maximum below 1.2 2?© Preliminary iron ion temperatures from the Los Alamos 
1973 eclipse observations show ever increasing temperatures down to 1.1 2?©. If the 
electron density and the EUV results m the lower corona can be believed, then the 
iron ion results must include a large turbulent contribution to line broadening. 

Interpretation of the results shown in Fig 1 is further complicated by the fact 
that the data were obtained at different times and at different places m the corona. 
To resolve the discrepancies, we need simultaneous observations of ion temperatures, 
electron temperatures, and electron densities. One of the primary goals of the Labo¬ 
ratory’s 1980 solar eclipse expedition was to do just this. 

The 1980 Experiments 

The sun’s magnetic activity follows a well-known 11-year cycle becoming very active, 
waning to near total inactivity, and then repeating The amplitude of this variation is 
never the same, but by 1979 it was obvious that the 1980 maximum would be one of the 
highest in history and many experiments were planned to observe the solar corona 
during the eclipse in February, 1980 

The National Aeronautics and Space Administration (NASA) planned to launch 
the Solar Maximum Mission, a satellite similar to Skylab’s observatory Aboard it 
would be experiments to determine electron densities and to obtain a crude estimate 
of ion temperatures from Fe XIV emission intensities. (Unfortunately, this experi¬ 
ment was not operating by the time of the eclipse) NASA also funded two rocket 
experiments, including one from Los Alamos, to measure proton temperatures from 
the Lyman-a line The Naval Research Laboratory’s orbiting coronagraph was to 
make hourly recordings of the white light from the outer corona (3-10 Rq ) The 
National Science Foundation (NSF) planned to send to India a large contingent of 
ground-based observers, who would make a variety of measurements 

In planning the Los Alamos airborne expedition, we were m communication 
with scientists from NASA projects and some NSF projects It was apparent that 
cross-calibration and data comparison would assure maximum confidence m the 
results 

As discussed above, to answer significant questions about the nature of coronal 
heating and solar wind acceleration requires simultaneous measurements of the 
following 

* electron density, 

* ion temperature, T t0 „ 

* electron temperature, T» 

All these measurements were attempted by our expedition All were designed to 
provide a good two-dimensional spatial resolution We expected to be able to deter¬ 
mine all the quantities not only in the relatively uniform portions of the corona, but 
also within major features such as streamers, condensations, and coronal holes 
Table I summarizes the experiments and the information sought 

To determine ion temperatures we measured the Doppler-broadened emission 
lines from two heavy ions—Fe XIV and Ca XV. We will compare our results with 
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proton temperatures deduced from rocket measurements of Lyman-a emission at 
several pomts in the corona beyond 1.5 Hq to distmguish thermal from nonthennal 
contributions to line broadening We are particularly interested in determining 



t/R© 

Flo 1 Plots of coronal temperature versus radial distance for (a) coronal holes and (6) a quiet 
coronal region As discussed in the text, data are sparse and, when compared, confusing 
The main purpose of the Los Alamos expedition was to attempt to reduce some of the 
sources of disagreement by making contemporal and cospatial measurements. 
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whether the extremely high ion temperatures at the base of the corona deduced from 
our 1973 results are correct or should be attributed to the effects of turbulence, but 
we must await data from these low altitudes. We also measured electron densities, 
recorded high-resolution images of the corona, and attempted to observe electron 
temperatures by a new, untried method. Finally, we attempted to determine the 
location of hot dust rings around the sun from their infrared emissions. 

Table I 

1980 Solar eclipse experiments 


Experiment 

Pnncipal 

Investigators 

Information 
obtained or sought 

Resolution 

Emission Lme Ion Temperature D H. Liebenberg 
Measurement of coronal Fe XIV E A Brown 
and Ca XV emission lme profiles R N. Kennedy 
with Fabry-Perot interferometer H S Murray 

W M Sanders 

Temperatures of Fe XIV and 
Ca XV, variation of emission 
line intensity with radial 
distance, and nonfhermal 
contributions to ion tem¬ 
perature from 1 to 3 Ro 

0005 Ro 
(3500km) 

Electron Temperature 
Measurement of K coronal 
spectral intensity with 
silicon photodiode 
detector array 

M T. Sandford 

F.J Honey 

R. K Honeycutt, 
Indiana University 

Electron temperature and 
coronal spectra at 1 2,1 6, 
and 2 0 Ro 

0.067 Ho 
(46,000km) 

Electron Density 

Measurement of intensity and 
polarization of coronal light 
with camera-polarimeter 

C. F Keller 

J.A Montoya 

B G Strait 

Electron density, K+F corona 0.067 Ro 
intensity, and K corona (46,000km) 

polarization from 11 to 5 Rq 
m polar regions and from 11 
to 12 Ro in equatorial regions 
and image-enhanced photographs 
of streamers from 1 to 20 Ro 

Photography 

Coronal photography with 
radially graded filter and 
internal occulting disc 

W H. Regan 

C G Lilliequist 

Detailed coronal structure 
from 1 to 6 Rq 

0.033 R 0 
(23,000km) 

Infrared Emission of Dust Rings J P Mutschlecner Radial location of dust rings 

Measurement of coronal infrared R R Brownlee and infrared emission 

emission intensity with InSb D N Hall, Kitt Peak intensity from 3 to 

detector and charge-injection- National Observatory 50 Ro 
device television camera 

0 25 Ro 
(175,000km) 


Except for the data loss from a mechanical failure in the electron temperature 
expenment, we obtained excellent data m all areas And photographs of the corona 
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talrt»n from the aircraft will enable us to associate our detailed observations with 
particular spatial structures. 

Data reduction and comparison is a long and difficult process that is only begin¬ 
ning Before we discuss each experiment and give an early estimate of the data it 
acquired, let us consider some of the general conditions of coronal observation. 

Direct Photography—Imaging the Corona 

Good photographic prints of the solar corona are extremely difficult to make 
because coronal brightness varies by factors of 1000 from 1-4 R 0 and 10,000 from 
1-10 Rq, whereas prints can display only a factor of 10 We use three methods to 
reduce this radial brightness gradient 

1. A r adiall y graded filter placed just in front of the film transmits light in precisely 
the desired amount as a function of distance from the sun. 

2. An internal occulting disc in the converging light path within the camera also 
uniformly reduces the brightness gradient. 

3. Computer processing reduces the gradient m the digitized photographs from 
the electron density expenment. 

All three methods were used during the 1980 expedition. Because of a slight 
misalig nment of the mirror tracking system aboard the aircraft, the first two gave 
good photographic records of only two-thirds of the corona. Nevertheless, these 
pictures give us a remarkably detailed view of the corona dunng the sun’s maximum 
activity 

Photographs of a huge bubble-like structure extending from the sun’s limb to 7 
solar radu were a most exciting result of our 1980 expedition The structure is formed 
by a hydrodynamic eruptive disturbance that ejects large quantities of mass into 
interplanetary space. The eruption is very clearly visible on the computer-enhanced 
image (Fig. 2) processed from 32 digitized photographs These large and frequent mass 
eruptions have been recorded since the early 1970s by Naval Research Laboratory 
satellites and by Skylab, but the bases of the eruptions were always obscured by the 
oversized occulting discs used in satellite coronagraphs Thus ours is the first com¬ 
plete record of the phenomenon 

At first glance the structure looks like a tennis racket with its handle in the sun 
Closer examination reveals that it is not entirely symmetric about an axis extending 
radially from the sun Its polar side is markedly flattened and a density enhancement, 
which is possibly due to a shock wave ahead of the eruption, is very prominent above 
and on the equatorial side, but is nearly absent on the polar side Nearby major 
streamers that usually extend in a radial direction from the sun are bent toward the 
disturbance, more so on the equatorial than on the polar side In addition, the erup¬ 
tion may possibly be bent slightly toward the solar equator Characteristics similar 
to these have been reported for eruptions observed from Skylab 

The position of this eruptive disturbance recorded from the aircraft differs 
markedly from that recorded by the Laboratory’s rocket team in Kenya about 15 
minutes earlier, from the difference we infer an expansion velocity of about 500km/s 
This value is in agreement with the eruption’s absence from photographs taken from 
the mam scientific site in India, where the eclipse occurred about 90 minutes later. 



AIRBORNE ECLIPSE EXPEDITION 


39 



Fig 2 Coronal photograph from the 16 February 1980 Airborne Eclipse Expedition of the Los 
Alamos National Laboratory, University ot California 
This is a print of a computer-developed 35mm negative which resulted from addition of thirty two 
exposures made during the Eclipse from the LANL-USAF NC-135 jet aircraft at an atlitude of 11km 
over the Indian Ocean Altitude of the sun was 79° 

Heliocentric North is approximately at top West is at right 

Each ot the 32 negatives was digitized into a 1000 1000 point matrix These matrices were then 

processed by two computer filters The first evened the large radial density gradient and the smaller 
azimuthal variation The second was a high pass Fourier transfer filter which further enhance streamer 
detail All bright circles are artifacts ot the radial filter A wealth ot complex streamer detail is 
apparent out to 12 /?, Viewing the print trom a distance helps to show low contrast detail such as 
the possible second outer envelope surrounding the large coronal transient arising trom the west 
limb Note also a possible transient above the south pole Scale—8 2 mm//?, , Lunar mask -12 D~ 
(Computer generated) 
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During that time, the eruption would have moved beyond range of observation from 
the ground If the velocity of expansion is nearly constant during its lifetime, the dis¬ 
turbance must have begun just as the eclipse was arriving on Africa’s west coast, 
about 90 minutes before we saw it We are at present trying to obtain good photo¬ 
graphs taken from Zaire and Tanzania to study the earlier phases of the event 

Such eruptions are apparently quite common They are estimated to have 
occurred at least once a day in 1973 during low solar activity and perhaps three times 
more frequently during this past year’s maximum solar activity. Each one typically 
ejects a mass of about 10 13 kg and an energy of 10 24 J The apparent rate of occurrence 
would them responsible for at least 10 per cent of the entire solar mass efflux’ 
We also obtained camera-polanmeter images and Fe XIV emission line profiles 
of the eruption Its Thompson-scattered light is highly polarized so we will be able to 
determine electron densities and its base appears to have the most intense green line 
(Fe XIV) emission in the corona. We anticipate that these measurements and our 
photographs, which together compose a wealth of interconnected information, will 
answer several questions about these important sources of solar wind 

Electron Density Experiment 


The scattering process that produces the K corona, namely, Thompson scattering of 
photosphenc light by electrons, is independent of wavelength and depends only on 
electron density K coronal intensities are thus a direct measure of electron densities 
Since we can measure only total white light intensities (K+F corona), we need a 
method to subtract the unwanted F coronal light. 

Much of the K coronal light we observe during an eclipse has been scattered 
through angles near 90° The K corona is therefore highly polarized, whereas the F 
corona is not The two components can be separated by measuring both the absolute 
intensity of the K+F corona (K+F) and the fraction and direction of polarization 
at each point on digitized images The measured fractional polarization can be written 


rtotal 


p*k 

K+F’ 


where P k is the fractional polarization of the K corona, and K and (K+F) are the 
K coronal intensity and total white light intensity, respectively Data reduction to 
determine K requires a model of the corona We assume that the corona has cylindrical 
symmetry and that its density varies smoothly between polar and equatorial regions 
From this model, we calculate Pk and K and compare them with the measured quan¬ 
tities P«ot»i and (K+F) Finally, we vary electron densities in the model to obtain 
consistency between the two measured and two calculated quantities 

Photographs of the K+F corona are taken with a camera-polarimeter through 
plane polarizing filters oriented at three different angles A fourth photograph taken 
without any polarizing filter completes a set During the 1980 eclipse, we made 10 sets 
of photographs using high-resolution film for the bright inner corona and very fast 
low-resolution film for the outer corona This is the first time we have taken special 
care to get high-resolution data from the inner corona 

The camera and its centre-of-mass, three-axis gyrostabilized tracking system 
were designed and built at Los Alamos With this tracking system, motion during a 
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3-second exposure was less than 20 arc seconds. Our polarization extend out 
to 12 JR 0 in the equatorial region of the corona—much greater diatnnr»s thaw have 
been achieved from ground observations during an eclipse or from Skylab observations 
outside of eclipse. In the 1979 and 1980 eclipses we were able to make two exposures 
out to 20 2?© 

We have made similar measurements using the same instrument at five timpg 
during the sun’s 11-year magnetic activity cycle (1970, 1972, 1973, 1979, and 1980). 
We thus have a very uniform set of data with which to compare variations in coronal 
structures, brightness, electron density, and material distribution as a function of solar 
activity 

For instance, standard observational models of coronal brightness indicate a 
marked variation between maximum and mi nim um solar activity. We are unique in 
being able to verify this variation for the inner corona (out to 3 or 4 H 0 ) and to 
extend it reliably to 12 Rq 


Results of1973 Electron Density Experiments 

In recent years, the 1973 eclipse was the most widely observed both from the 
ground and m space Figs. 3a and b show plots of absolute intensity of the corona 
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Various observations of coronal brightness versus intensity for (a) the inner Polar corona 
and ( [b ) the outer corona Also shown m both cases is the brightness calculated from a 
consensus model [Blackwell et al (1976)] Figure 3a is a unique comparison of cospatial, 
cotemporal observations from two ground-based, one airborne, and two space experiments 
Only the Los Alamos data cover the entire range of comparison, and the Los Alamos 
1980 data, when reduced, will extend observations to 20 Rq for the first time since 1963 
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(K-J-F) as a function of radial distance in the inner and outer corona, respectively. 
Also included in these plots is the consensus model K+F brightness based on pre- 
1965 eclipse data. Fig 3 a is a comparison of results from five independent observa¬ 
tions of the 1973 eclipse: two from the ground, two from space coronagraphs, and 
one from the Los Alamos airborne expedition. Only the Los Alamos data extend 
over the entire range shown and beyond. 

In comparing our results for the 1973 eclipse with those of Skylab’s Apollo 
Telescope Mount, we were puzzled to find the Skylab values of coronal brightness 
disturbingly higher than ours Upon careful examination of Skylab reduction pro- 



»7R© 

Fig. 4 Electron density as a function of radial distance determined from photographic polarization 
data gathered during the Los Alamos airborne expedition of 1973 The results of K Saito, a 
respected ground-based observer, are shown for comparison Photographic polarization 
data for the polar regions are reliable only to about 3-4 R 0 , whereas absolute intensity 
data (see Fig 3) are good beyond 10 Rq We differ from Saito’s results in equatorial regions 
beyond 4 Ro primarily because the reduction in atmospheric contamination realized by our 
airborne expedition permitted us to acquire good polarization data to 12 Rq, as compared 
with the limit of 5 l?o for ground-based observations 
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cedure, we discovered an error in absolute calibration that resulted in a 9 per cent 
reduction of all Skylab values of coronal brightness. This transfers roughly to a 
similar reduction in all published results prior to 1978 The intensities plotted in 
Fig. 3 a have been corrected for this error. 

Fig. 3b compares Los Alamos data for the outer corona with the two best recent 
observations of that region. 

Fig. 4 shows our 1973 results compared with those from K. Saito’s ground-based 
observations (Saito, 1972). Because of sky background brightness, ground-based 
observations seldom are reliable beyond 5 Rq in equatorial regions and 3 Rq m 
polar regions, but the Los Alamos intensity data appear excellent beyond 10 Rq 
Polarization measurements in the equatorial regions are also good to this distance, 
but over the sun’s poles the K corona is so faint that polarization falls below the 
limit of photographic detectability at 4 Rq. We measure a fainter corona in polar 
regions than Saito does and therefore conclude that electron densities in polar coronal 
holes are lower than previously thought. 

In equatorial regions the situation is more complicated We find coronal in¬ 
tensity to be lower, but we measure higher polarization beyond 4 Rq. Our measure¬ 
ments suggests that m equatorial regions electron densities beyond 4 Rq are higher 
and, more significantly for solar wind models, do not fall off as fast as we proceed 
outward from the sun We also observed this significant result at the 1970 and 1972 
eclipses 

We look forward to comparing electron densities from the 1973 eclipse with those 
of the 1980 eclipse as soon as our 1980 data have been reduced and evaluated 

Preliminary analysis of our 1980 intensity data shows that the corona was about 
three times brighter than it was m 1973, and that polar regions are as bright as 
equatorial regions out to 5 Rq, where the F corona begins to dominate (see Fig. 5) 

Emission Line Experiment 

We consider the coronal emission line experiment to be the most important 
aboard the aircraft because the measured line profiles contain a wealth of information 
on the state of the coronal plasma. The shape of the line profiles can be analyzed to 
yield ion temperatures and nonthermal components of the velocity distribution. The 
variations of line intensity with position, or with time, contain information about the 
mechanisms that excite the emitting ions Bright features in or near the plane of the 
sky (plane through the sun’s centre perpendicular to the line of sight) easily contribute 
the major portion of our measured signal along a line of sight because emission line 
intensities fall off very rapidly with distance from the sun Therefore, we can attribute 
measured signals to specific coronal features with a fair degree of confidence 

Since 1965, we have made airborne measurements of the Fe XIV green line 
intensity and wavelength broadening using a Fabry-Perot interferometer to obtain 
spectral (wavelength) resolution We chose an interferometer for several reasons It is a 
relatively small instrument well suited to the space constraints aboard the aircraft 
It also has a high spatial resolution, in part because it preserves a two-dimensional 
image rather than the one-dimensional images obtained from grating spectrographs 
and other instruments that pass the incoming light through a slit Perhaps most 
important, spectral distortions introduced by the interferometer can be calculated 
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quite accurately and subtracted from the measured hne profiles, enabling us to achieve 
very high spectral resolution. 


1980 ECLIPSE 
3 second orange p4 



Fig 5 Prdiminary results from 16 February 1980, plotted in the same way as Fig. 3. (Numbers 
on graph denote heliocentric azimuth) 

In 1973, we scanned the entire corona out to 2 5 R 0 with a spatial resolution of 
15-20 arc seconds We measured very weak polarization of the green line along radial 
vectors from the sun Weak polarization implies that green line emission is excited by 
electron collisions rather than the absorption of photons This result confirms expec¬ 
tations that electron collisions are the dominant mechanism by which energy is distri¬ 
buted m the inner corona We also observed that Ca XV yellow line emission occurred 
over a much larger region of the lower corona than previously expected The presence 
of the yellow hne was thought to signify very hot regions of the corona, corresponding 
to the 4-5 MK ionization potential maximum of the Ca XV ionization state, but the 
1973 line widths indicate that the yellow line is produced m cooler regions as well, 
and thus that coronal temperatures may be much more uniform on a scale of arc 
minutes than had been guessed from other emission line measurements 

Our 1980 data are much more extensive and have a much higher spatial resolution 
than that from previous eclipses 

Light from the 1980 experiment was collected by the “Rube Goldberg,” a massive 
10-mch telescope with an 80-mch focal length that has been used aboard the aircraft 
since our 1965 expedition Emission line signals, imaged by the telescope and inter¬ 
ferometer, were amplified and recorded on videotape at 16ms intervals from an image- 
intensified vidicon detector This rapid data acquisition system, a dramatic improve¬ 
ment over the 30-second exposure times required by photogaphic techniques, collect- 
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ed well over 20,000 line profiles from the base of the corona and m some regions out 
to 3 The detector was designed specifically for astronomical measurements and 
for compatibility with standard computer image analysis equipment by M T. Sandford. 
Its progenitor was developed at Los Alamos for diagnostics m the weapons program. 

The line resolution and diameter of the detector, combined with the relatively 
large image size (we view the corona m segments), determine a spatial resolution of 
4-5 arc seconds. But to realize this resolution, we must keep the image centered m the 
interferometer and on the axis of the telescope. We accomplish this by offsetting the 
entire 210kg emission line camera (telescope, interferometer, and detector) with large 
hydraulic actuators that are controlled by a sophisticated tracking system accurate to 
4-5 arc seconds (Fig. 6). The hydraulic actuators are able to move the massive instru¬ 
ment at frequencies of up to 10 Hz to correct for higher-frequency aircraft motions. 


TRACKING CONTROL 



Fig 6. Mam components of the tracking control for the coronal emission line camera Tracking 
along two orthogonal axes is controlled directly by an operator or by feedback from 
gyroscopes mounted on the telescope Only one of these gyroscopes (L gyro) and its asso¬ 
ciated control mechanisms are shown here Gyroscope drift m the two orthogonal axes is 
compensated by error signals from a set of photodiodes that views an image of the eclipsed 
sun The tracking plane controller is preprogrammed with the various tracking patterns to 
be followed during totality. In addition, rotation of the telescope about its optic axis is 
required to correct not only for aircraft motion but also for the apparent rotation of the sun 
during totality, which amounted to nearly 2° during the 1980 eclipse This rotation is 
controlled by feedback from a gyroscope (R gyro) and by preset gryoscope precession 
m the R controller Error signals, die difference between a gyroscope axis and the required 
axis, are about 4-5 arc seconds for the telescope in flight Similar performance accuracy has 
been determined from photographs and video recordings of lunar limb motion. 
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Data from the 1980 measurements are much easier to reduce than those from 
previous eclipses. Pr eliminar y results show wide variations in line shapes and are 
suggestive of the turbulent conditions that may be present during a solar maximum. 
We also see many details within small regions of high activity. However, data reduc¬ 
tion must be completed before we can make definitive interpretations. 

Interpreting Emission Line Profiles 

Both line shapes and line intensities are analyzed to learn about the conditions 
in the coronal plasma. Since the intrinsic line widths (from ions at rest) are extremely 
narrow, the observed Doppler-broadened line profiles are identical in shape to the 
velocity distribution of the emitting ions. 

For ions in formal equilibrium, both the velocity distribution and the emission 
line profile would be Gaussian m shape. The width of the line profile would then be 
proportional to the kinetic temperature of the emitting ions. However, ion tempera¬ 
tures deduced directly from observed Gaussian line profiles (for example, the ion 
temperatures shown in Fig. 1) may be too high because nonthermal effects, such as 
macroscopic turbulence and magnetic wave acceleration of the solar wind, may add 
to the velocities of the ions and, in turn, to the line broadening. 

An approximate expression for the line width in terms of the kinetic temperature 
T and the average turbulent macroscopic velocity v t is given by 



where A* is the full width of the line profile at half-maximum intensity and m is the 
mass of the emitting ion. Note that the kinetic temperature contribution depends on 
the mass of the ion, whereas the contribution from macroscopic turbulence is mass 
mdependent. Therefore, it is possible to separate thermal and turbulent contributions 
to the line broadening by measuring emission line profiles of two ions with widely 
differing masses. But these measurements must be made at the same time and at the 
same place in the corona so that we can assume that the two ions have the same kinetic 
temperature and average turbulent velocity v*. 

Our Ca XV data from the 1980 eclipse may be appropriate for comparison with 
our Fe XIV measurements, but the emission was weaker than expected and so the 
profiles may not be accurate enough. However, the Lyman-a data recorded by 
rocket experiments at several places in the corona will certainly be useful in deter¬ 
mining nonthermal contributions to our Fe XTV line profiles. 

Variations in line shape are also indications of nonthermal velocities. For exam¬ 
ple, calculations show that large expansion velocities from solar wind flow tend to 
flatten and extend what would have been a Gaussian line shape. Although these 
departures are not significant until expansion velocities are 40 km/s or greater, such 
velocities are predicted by some models of solar wind flow at distances of 2-3 Rq. 
The line profile shapes are also altered by large-scale turbulent motion or significan t, 
magnetic wave acceleration of the plasma. 

Fig. 7 illustrates the variety of line shapes that were actually measured in 1980. 
We see asymmetries, as well as departures from Gaussian shapes. Interpretation of 
these line shapes depends on theoretical assumptions and supporting data, except 
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perhaps for the case of split lines, which clearly indicate relative bulk motion of the 
emitting material 
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Flo. 7. These preliminary 1980 Fe XIV emission line profiles were obtained by digitizing a sequence 
of video frames and reordering the data to give a signal versus frame number (or wave¬ 
length) profile of the intensity at a single pixel (corresponding to a single spatial location in 
the corona). In (a) we have fitted both a Gaussian and a Lorentzian profile to the emission 
line such that the full width at half-maximum intensity and the peak intensity agree with 
observations The wings of the observed line are not fitted by either profile In (b) an example 
of a more complicated emission line is shown. This profile could represent coronal material 
with significantly different velocities along the line of sight. A relative velocity of about IS 
km/s would fit this profile. Some further corrections for intensity and wavelength calibration 
will be applied to these data before our analysis is complete. 

Analysis of line intensities can also be quite revealing Since emission intensity 
depends on density and temperature, comparison with mdependent electron density 
measurements is helpful in deciding whether bright regions are due to high tempera¬ 
tures or, alternatively, to high densities. We can also analyse intensity variations as a 
function of radial distance to infer excitation mechanisms. If ions are excited by 
electron collisions, intensities are proportional to the sqaure of the electron density 
(n,) 2 and thus should decrease as 1/r 12 . On the other hand if photon excitation is the 
dominant mechanism, then line intensities are proportional to it, and thus decrease 
as 1/r®. 
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Electron Temperature Experiment 

Coronal electron temperatures as a function of radial distance are badly needed to 
determine whether electrons and ions are in thermal equilibrium. In 1976, L. E. Cram 
suggested a method to determine these temperatures from spectral intensities of 
the K corona. Our 1980 attempt to perform the measurement used a much more 
sensitive technique than has been tned before and, although we failed to record data, 
we did confi rm the feasibility of the technique. 

The principle behind the experiment is based on Cram’s analysis of the K coronal 
spectrum. This spectrum is formed as light coming from the photosphere (the Fraun¬ 
hofer spectrum) is scattered by energetic coronal electrons. The Doppler shifts suffered 
by these scattered photons broaden the absorption lines in the original Fraunhofer 
spectrum to produce the diffuse spectrum known as the K corona. 

Cram’s calculated spectra for a spherically symmetric, isothermal corona at four 
electron temperatures are shown in Fig. 8. His results display two very interesting 
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Fto. 8. Absolute intensity of the K coronal spectrum for four coronal electron temperatures, as 
calculated by Cram. The absolute intensity of the photosphere spectrum from the centre of 
the sun s disc is shown for comparison. 
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features. First, there exist spectral “nodes,” that is, wavelengths at which the intensity 
is independent of the assumed electron temperature These nodes occur on either side 
of the H and K absorption lines of Ca II and near other absorption features of the 
Fraunhofer spectrum. Second, the spectra undulate about these nodes with an ampli¬ 
tude that is related to the electron temperature. Thus, the ratio of two measured 
intensities, one at a nodal wavelength and one at a wavelength nearby, should deter¬ 
mine the electron temperature umquely. 

Although such an experiment is very simple in principle, in practice it is quite 
difficult because the intensities must be measured with great precision. An error of 
±0.2 per cent in the intensity ratio translates to an uncertainty of ±0.1 MK in 
coronal electron temperature. The 5-10 per cent errors common in standard photo- 
metnc techniques would obliterate the information sought [as learned by Menzel and 
Pasachoff (1968) who searched without success for residual depressions from the H 
and K absorption lines of CA II in photographic records of absorption spectra from 
the 1936 total eclipse]. 

To achieve the required sensitivity, we built our instrument around the only type 
of detector suitable for the task—an array of silicon photodiodes. These solid-state 
photosensitive devices have very high quantum efficiency in the spectral range of 
interest 

A commercially available detector, consisting of a linear array of 512 silicon 
photodiodes on a single integrated circuit, served as the main component of our K 
corona spectrograph (Fig 9) This large array enabled us to look not just at two 
wavelengths but at wavelengths of the K coronal spectrum over a 1500 a range with 
3 a resolution. 

The experiment was m some sense a fishing expedition. We set out to observe 
the entire spectrum with high precision and search for Cram’s predicted undulation 
patterns at three radial distances from the sun. 

During the eclipse, the spectrograph appeared to function well, and we were able 
to confirm that its sensitivity is adequate to measure the shape of the K coronal 
spectrum and, in principle, to determine electron temperatures The data that appeared 
on our monitoring screen were not recorded by our computerized data-acquisition 
system because both the computer disc drive and the back-up drive failed to function 

Indeed the equipment failure was a tremendous disappointment, but we did prove 
that the experiment was feasible, and are now redesigning some of the electronics with 
hopes of flying again during the 1983 solar eclipse 

Infrared Observations of Dust Rings 

The F corona and the zodiacal light, a zone of scattered light symmetric about 
the approximate plane of the planetary orbits, give clear evidence of the presence of 
dust throughout much of the solar system. These observations also indicate that the 
dust particles are very fine—only a few micrometers in diameter Their presence may 
be a remnant of the formation of the solar system but probably wandering comets 
have also left a contribution 

Whatever the source, theorists have modelled the fate of the dust once it is 
deposited m the solar system The dynamics of the dust particles is influenced by four 
factors, the sun’s gravity, radiation pressure, the Poyntmg-Robertson effect, and 
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particle evaporation. Calculations including these factors indicate that the dust will 
spiral m toward the sun but may ultimately settle at particular distances and form 
broad rings about the sun. Evaporation of the dust may also lead to its being blown 
outward once again. By dete rmining the radial location of these rings we learn some* 
thing about the dust’s composition because its location depends on its reflectivity and 
evaporation temperature. Likely compositions include obsidian, silicate-type rock, 
iron, and perhaps water-ice. 


ENTRANCE 

SLITS 



TELESCOPE 


Flo 9. The K corona spectrograph for the electron temperature experiment consists of a telescope, 
entrance slit assembly, a transmission grating spectrograph, a silicon photodiode detector 
array, and electronics for data acquisition and storage. The f/2.0, 400-mm focal length 
telescope maximizes the light at the detector Three entrance slits, corresponding to radial 
distances from the sun of 1.2,1 6 and 2.0 Ro, were formed by photolithographic techniques 
on a glass disc. A computer-controlled lever-arm and motor-drive assembly positions the 
selected entrance slit in the telescope focal plane The entrance slit length is magnified by 
the spectrograph to match and thereby utilize the entire photodiode length. The spectro¬ 
graph covers ISOOA and its resolution is 3A per channel. Exposure tunes range from 10 
seconds at 1.2 Rq to 40 seconds at 2 0 Ro. Satisfactory data can therefore be obtained 
only during eclipses of relatively long duration or from aircraft whose flight path lengthens 
the duration of totality. 

The presence of glowing dust rings at 4, 9, and 20 Rq and elsewhere has been 
deduced from observations of infrared emission features. These emission features are 
presumably produced as dust particles heat up and evaporate, emitting radiation 
corresponding to black-body temperatures between 500 and 2000 K. These observa¬ 
tions are difficult to make from the ground and, with the exception of the features at 
4 jRq, the existence of these features is in dispute. 

From aboard the aircraft during the 1980 eclipse, we made a new attempt to 
determine the spatial distribution of infrared emission features. 

Infrared intensity as a function of distance from the sun was measured at 2.2 
with an InSb detector, a standard technique, and at rw 0.7/*in with a charge-injection- 
device television camera. 

The corona was scanned along the ecliptic (plane of the earth’s orbit) out to 
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50 Rq east and west of the sun and at several angles to the ecliptic. The scan pattern 
was designed to determine the radial location and approximate extent of any dust 
rings. 

Both detection systems worked well and yielded high quality data. However, 
tracking errors during totality will severely compromise interpretation of data dose 
to the sun, so we will not be able to confirm the existence of the feature at 4 Rq. 
At greater distances, however, these errors have less effect. 

Our analyses to date strongly suggest the existence of a dust ring at 9 Rq, but 
indicate no other features at greater distances from the sun. Thus we find no feature 
at about 20 Rq. A feature at this location, which corresponds to a temperature of 
~800 K, had been suggested by E. P. Nye on die basis of ground-level observations 
at the 26 February 1979 and 16 February 1980 eclipses; however, at both eclipses his 
observations may have been contaminated by the effects of clouds. Existence of such a 
feature would be of interest because dust shells with temperatures of ''■'800 K have 
been found about some other stars. 


Conclusions 

Most scientists studying the solar corona believe that a temperature maximum exists 
near 2 Rq. Our results indicate that the maximum might be closer otthe limb, although 
some of the Fe XIV emission line broadening can always be attnbued to large-scale 
turbulence or to expansion velocities. However, comparison with proton temperature 
values from the rocket-borne coronagraph at a few positions in the corona will allow 
us to determine such velocities if they exist. We can then interpret the rest of our iron 
emission hne data in the light of these findings. The fact that many of our 1980 profiles 
are actually double-peaked indicates large differential mass motions that are probably 
due to the extremely complex nature of coronal features during maximum solar 
activity. 

Ion temperature gradients measured in 1965 indicated that coronal holes could 
support solar wind flow. We now have high-resolution data from our 1980 measure¬ 
ments of the residual coronal hole above the sun’s south pole to compare with the 
1965 results. We will also be able to analyze temperature gradients and velocity 
distributions m streamer structures, to determine whether these structures also contri¬ 
bute to solar wind flow. 

Our emission line intensity data from several previous solar eclipse observations 
suggested that colhsional mechanisms dominate energy transport in the lower corona 
out to 2 Rq. Our high-resolution 1980 data from several streamer structures and one 
coronal condensation, when combined with electron densities determined from 
camera-polanmeter measurements, will be a better test of this model 

The possibility of extended wave heating in the corona has become increasingly 
s ignificant . Our emission line intensity data from the 1973 Concorde flight, which 
gave 74 minutes of totality, provided tentative evidence for periodic temperature 
variations, and in 1980 we looked for temporal changes on the sun’s west limb by 
taking a sequence of intensity measurements at 30-second intervals over the 7 minutes 
of totality. But a more extensive search will be required to establish the dynamics and 
the extent of plasma hearing 
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Comparison of the computer-enhanced coronal photographs from five eclipses 
shows that the corona at the 1980 eclipse exhibited features never before seen, includ¬ 
ing the nml«i«a>l connection of the hydrodynamic eruptive disturbance to the solar 
surface. This observation calls into question previous speculation, based on Skylab 
photographs down to 1.5 Ro, that the connection to the surface was quite broad. 
Evidently, the energy source for some mass eruptions is localized and concentrated. 
We may learn more about the dynamics at the base of this disturbance once our 
electron density and Fe XIV data have been reduced. 

Our photographic record also shows that nearby streamers respond to the erup¬ 
tion by bending around it, an effect also seen on Skylab photographs but only out 
to 6 Rq. The curious shape of long streamers above the sun’s south pole suggests 
that a second eruptive disturbance may also have been in progress at the same time. 

Electron densities resulting from our observations agree with other studies in the 
inner corona, but beyond 4 Rq. in equatorial regions the density decrease with radial 
distance is much more gradual than indicated previously. This could have a marked 
effect on theoretical models of the solar wind. 

In summary, we now have collected ion temperature and electron density data 
at all phases of solar activity except during a deep minmium. Our 1980 data combined 
with proton temperatures from rocket experiments will provide a focal point for all 
future analysis. For the first time, we will have an accurate determination of material 
density, ion temperatures, and nonthermal velocities at several places in the corona. 
We hope these results will be a basis for more meaningful interpretation of our data 
throughout the rest of the inner corona. 
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MULTICOLOUR PHOTOMETRY OF THE CORONA 
J. Durst 

Institut far Astronomie ETH, CH-8092, Zurich, Switzerland 
(.Received 7 August 1981 ) 

During the eclipse of 16 February 1980, colour photos were taken in order to 
determine the colour of the F-corona and to detect concentrations of dust 
located a few solar radii from the Sun. Such concentrations would scatter the 
sunlight at high scattering angles giving rise to colour differences compared to 
the normal F-corona. The advantages and disadvantages of colour films for 
eclipse photometry are discussed and a new type of eclipse camera is described. 

Keywords: Solar corona; Interplanetary Dust; Eclipse Photography; Colour Films 

Introduction 

Multicolour photometry of the corona gives information mainly about the dust- 
corona because the physical processes giving rise to the dust-corona are wavelength 
dependent. These processes are thermal radiation and scattering of sunlight On the 
other hand, the electron corona is produced by Thomson scattering and therefore 
shows no or only small colour effects. Nevertheless multicolour photometry can also 
be a useful tool to distinguish between coronal and chromospheric features (Koutchmy 
& Stellmacher, 1976). 


Scientific Purpose 

The following well-known observations gave rise to the present experiment: At the 
1970 eclipse several groups have observed diffuse enhancements in the outer corona 
at R ~ 4 R© (Koomen et al, 1970; Lilliequist & Scbmahl, 1970; and Koutchmy, 
1972), and at the 1966 echpse maxima of thermal radiation were detected again at 
R 4 Rq (Peterson, 1967; and Mac Queen, 1968). For a smooth distribution of the 
dust, calculations of F-corona radiation (Peterson, 1963) predict no large colour 
effects m the visible light and for R < 4 Rq On the other hand, calculations about 
dust dynamics (Lamy, 1974) and colour observations during the 1970 echpse 
(Ajmanov 8c Nikolsky, 1980) show evidence for dust concentrations If such con¬ 
centrations at R ~ 4 Rq exist, they would scatter the sunlight at scattering angles 
60°-90°, in contrast to the light of die normal F-corona which is scattered at small 
angles. These two components may be detected by colour differences. The purpose 
of the eclipse experiment is therefore to derive a map of colour indices of the corona, 
in order to find a correlation between colour and intensity of the F-corona at a 
certain distance from the Sun’s centre. At present, definitive results are not available 
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Observational Method 

From previous observations (Koutchmy, 1972) one can expect that the brightness of 
diffuse enhancements is about 15-20 per cent of the total light observed at R^ARq. 
Hence, photographic photometry with an accuracy of 1-2 per cent is a useful observing 
method. The dynamic range of the film, assuming such an accuracy, is only about 
1 to 10 *nd consequently, a radial gradient filter has to be used, reducing the bright 
inner parts of the corona. 

Photometry of the outer corona does not lequire high resolution, but to bring out 
interesting features that may occur in the inner corona, the camera should have a 
resolution of 1-2' in the inner parts. Colour films are sensitive from 400nm up to 
700nm which means that achromatic doublet lenses, widely used for eclipse photo¬ 
graphy, are not suitable for colour photography and so an apochromatic triplet 
lens f—1.9m, N—15 was selected. The most disturbing defects of such a lens (as 
of all ‘‘thin” lenses) are asti gmatism and field curvature producing elliptical image 
points with long axis in radial direction. Field curvature can be corrected by a plane 
concave lens at the focal plane reducing the errors by a factor 4 in radial direction, 
hi our camera this lens is cemented to the radial-gradient filter and placed against 
the film during exposure (Fig. 1). 



l 

*1 



Fig. 1. Eclipse camera consisting of apochromatic triplet lens (F=1875 mm, D=125mm) and a 
plane concave field-flattening lens (D=130mm) cemented to the radial gradient-filter The 
field-flattening lens has the additional effect to refract the light reflected by the aluminium 
layer of the gradient-filter, toward the tube of the camera. The gradient-filter is placed 
against the film during exposure, securing exact position of the film. 


Colour Film for Three Colour Photometry 

Until now colour films have not been widely used for quantitative photometncal 
work because the 3 layers of the film are not completely independent In the first 
place, the sensitivity ranges overlap and secondly, the absorption curves of the dyes 
m the 3 layers also overlap (Fig. 2). If for instance we would like to determine the 
amount of cyan dye (produced in the third layer) by measuring the absoiption of 
monochromatic light near the absorption maximum of cyan, magenta and yellow 
dye give also small contributions. These effects have to be carefully considered by 
distinguishing between analytical and integral densities, 

If at the film element (x, y) only one film layer is exposed, e.g., in a calibration 
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a) b) 

Bo. 2. Relative spectral sensitivity of the three layers of Agfachrome 50 S reversal film (a) 
and spectral absorption of the dyes produced in the layers of Agfachrome 50 S (b). 

spectrum, we measure analytical densities From d^ 9 the exposure E can easily 
be derived as in the case of black and white film: 

d* — y B log E b + ci 

d% » Yq log Eq + c, ••• (1) 

d A " Yjjlog E R ArCi 

Yjj f G y R are the local slopes of the characteristic curves, c v c t , c, are constants. 
B—blue, G«= green, B—red. The simple equations (1) are valid only in a small 
density range and in every case the connection between d A and E has to be derived 

carefully. 

If we have different colours at the film element (pc, y), e.g., in a coronal picture, 
we measure integral densities dl. This is done by measuring the absorption of light 
having wavelengths near the absorption maxima of the dyes The integral densities 
are composed of the analytical densities as follows: 

dj ■» d A + Atjj d A + ^i» d A 

df «■ k%\ d A + d A k a d% ^ 

df - d* + k u d° A + d* 

k it are the so-called mtenmage coefficients and they have to be measured for every 
film (Kovahsky, 1977; and Koutchmy, 1978) For instance, ku is determined by 

measuring blue integral densities df for constant blue exposure and varying green 

exposure. Having determined the interimage coefficients and the integral densities, 
we have [for each filmelement (x, >>)] 3 equations for the 3 unknown analytical densi¬ 
ties df, df and df. Again equations(2) are valid only m a small density range and 
hunt*, a r adial -gradient filter is necessary for coronal photometry with colour films. 







Fig 3 The corona of 16 February 1980 photographed on Agfachrome 50S reversal film with 
the camera described m section II Exposuretime 10s The bright circle on the moon’s disc 
is due to a central hole m the radial-gradient filter This hole is useful in determining the 
exact position of the filter relative to the sun and measuring scattered light and skyback- 
ground The original features on the moon’s disc, illuminated by earthlight, can easily 
be seen This indicates that scattered light level is low The colour difference m the inner¬ 
most corona is an effect of the radial gradient-filter because at high densities the aluminium 
layer absorbs blue light more than red light 
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The Physical Research Laboratory, Ahmedabad, m collaboration with Vedh¬ 
shala, Ahmedabad, and the Vikram Sarabhai Community Science Centre, 
Ahmedabad, conducted three optical experiments to study the solar corona 
during the total solar eclipse of 16 February 1980 The mam experiment involved 
Fabry-Perot interferometry m the green coronal line X5303A to obtain Doppler 
temperature mapping of the corona The other two experiments consisted of 
photography of the corona in 

a) X5303A through a 10A bandwidth filter and 

b) white light photography with different orientations of a Polaroid filter 

Detailed microphotometry has been carried out on all the negatives Coronal 
temperatures so obtained are between 2 to 4 million degrees Kelvin There is an 
indication of a local temperature peak at 1 1 R on several azimuths The photo¬ 
metry oi the monochromatic green line coronal brightness show systematic 
though weak departures from linearity in log 7 vs R/R plots which have a tenta¬ 
tive explanation in magnetohydrodynamic wave propagation The white light 
pictures have yielded polarisation values along several azimuths as a first step 
m the evaluation of electron density distribution of the corona 

Keywords Corona; Line-Width Temperature; Green Line; Fabry-Perot 
Interferometry 


Introduction 

The Physical Research Laboratory, Ahmedabad, conducted three optical expeTi- 
ments during the total solar eclipse of 16 February 1980, in collaboration with the 
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Vedhshala, Ahmedabad and the V A S Community Science Centre, Ahmedabad 
These experiments were carried out at Gadag (15°25'N, 75° 37'E) in Karnataka 

close to the central line of totality, under the perfect sky conditions. 

The experiments were c 

1 Fabry-Perot interferometry in the green coronal line (A5303A) to obtain the 
Doppler temperature mapping of the corona 

2 Photography of the corona in 5303A through a 10A bandwidth filter to construct 
a monochromatic intensity distribution of the corona in this line 

3 Photography of the corona in white light with and without linear polanser to 
construct a polarisation map of the corona, and hence to determine the electron 
density distribution 


Doppler Temperature Mapping 

Optically contacted Fabry-Perot etalon (300/«n spacer) coupled with a 7A band¬ 
width interference filter centred at A 5303A produced fringes of the green line, which 
were subsequently photographed on precahbrated Kodak Tri X (400 ASA) 35mm 
film. A 15cm aperture f/15 lens served as the light collector The centre of the 
Fabry-Perot fringe system was kept off centred with respect to the centre of the solar 
disc by~20 arc min to ensure some near radial fringes along certain azimuths and 
increased spatial resolution along other azimuths Instrumental spectral resolution, 
as determined from the mercury green line fringes was 0 23A in excellent agreement 



Fio 1 Coronal Interferogram (90 seconds) 
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with the theoretical one based on manufacturers specifications for the etalon 
(TC Optical Systems). 

Four exposures viz., 10 sec., 90 sec., 30 sec., and 40 sec. respectively, were during 
the 2 minutes and 46 seconds of totality. A detailed microphotometer analysis of the 
coronal interferograms has yielded temperature map of the solar maximum corona 
covering 270° in azimuth (210°W to 120°E). For obtaining the temperatures, observed 
linewidths were deconvoluted using the experimentally measured instrument width 
with Hg green calibration. Fig. 1 shows the coronal mterferogram (90 sec exposure) 
and Fig. 2 shows the temperature map. 



Fio. 2 Coronal temperature map. 


The temperatures lie mainly in the range two to four million degrees Kelvin, 
though a few high values going upto five million Kelvin are noted. Along many 
azimuths, coronal temperatures rise upto a local peak value at 1 li?o before dropping 
off again. 

Monochromatic (A 5303a) Intensity Distribution in the Solar Corona 

The green line corona was photographed through a 10A bandwidth filter centred 
at 5303A using f/10 Celestron-8 telescope Exposures of 5, 15, 15, 45 and 45sec. 
respectively were taken on a precahbrated Tn X film. Careful microphotometry was 
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carried out on the negatives to study the radial variation of the brightness of corona 
at that wavelength. 

In general, the slope of log I vs. R/R® plot (I, brightness of corona m arbitrary 
units) was consistent with a mean temperature of about 2.4 million # K. 

A very interestin g feature was observed at a specific azimuth (316°) where plot is 
shown in Fig. 3. Here, a wave like modulation, though weak is apparent on the genual 
linear plot 



The mean wavelength (A) observed is of the order of 0.22 R®. If one associates 
these oscillations with the known 5 minute periodicity photospheric oscillations 

of the Sun (Leighton et al, 1962), then by putting T — -»300 sec, one gets 

V ~ SOOkm/sec. Since the phase velocity of the fast mode acoustic wave is given by 

7>_ 7§r 

V4np 

where 

B ~ magnetic field m gauss 
P mm plasma density in gm-cm"*. 

Putting Ne “ 10 8 cm -3 and assuming hydrogen plasma, one finds B 2.3 gauss. 
So one may conclude that within the reasonable uncertainty of coronal magnetic 
field values our observations are consistent with a hydromagnetic wave of 300 sec 
periodicity. 

During the totality, successive exposures of 5sec, ISsec, ISsec, 45sec and 
45sec were taken. Further, analysis of all these frames is in progress to ascertain the 
phase velocity and periodicity of the observed wave. Preliminary analysis shows that 
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the wave pattern is evident on all 5sec and 15sec exposures but not on 45sec 
exposures. This would imply a periodicity 90sec which is much less than the sti¬ 
pulated 300sec. 


White Light Corona with Polariser 

An 8.75cm f/16 Questar telescope was used to photograph the white li ght corona on 
a precalibrated plus X 35mm film. Photographs were taken at polaxoid orientations 
of 0°, 45°, 90° 135° measured from a suitable reference plane. At each nnVtitati o p 3 
photographs were obtained with exposure tunes of i, 1 and 3 sec. respectively. Further 
photographs without the polanser were also taken with the same exposure times. 
The corona is seen to extend upto 2 X 0 from the limb in these photographs. 

An extensive programme of digital microdensitometry has been carried out on 
all die Questar pictures. The resolution on the film is 50 ^on corresponding to 0 07Jt© 
at the corona. Each frame has been divided mto 600 X 500 squares giving 300,000 
grey levels. A computer analysis to separate the unpolarised F-corona contribution 
from the pictures and hence to construct a polarisation map of the corona is under way. 
The ultimate goal of the experiment is to determine by an iterative analysis, the electron 
density distribution and to use it for a study of the inhomogenities in the corona. 

hi the preli mi na r y analysis, radial plots of degree of polarisation have been 
obtained for a few azimuths. Fig. 4 (a, b) shows these plots for the two an'miitt™, viz., 
316° and 241°, compared against mean solar maximum values given by van de Hulst 
(1952). Rather low values of polarisation in S-W direction is notable and probably 
implies depleted electron densities. 



R/Ro — 

Fig. 4 a). Polarisation vs. RJRq at 316° azimuth. 
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Fig. 46). Polarisation Pj, vs. R/Ro at 241° azimuth. 


Discussion 

The coronal interferogram has yielded a high spatial resolution temperature map of 
die corona. Temperatures range from 2-4 million °K with a few spots having tem¬ 
peratures as high as 5 million °K. The inversion height of about 1.1-R© observed m 
the temperature map is consistent with the theoretical calculations of Kuperus (1969) 
on the heating of the corona Correlation between the “hot” regions m the corona 
and X-ray bright points as well as their interrelationships with coronal magnetic 
fields remain to be studied. 

At a specific azimuth, we see the evidence of a hydromagnetic wave modulating 
the bnghtness of 5303A corona. Exact periodicity remains to be established but could 
be 100 sec which is much smaller than the periodicity of360sec reported earlier in the 
temporal variations (Liebenberg & Hoffmann, 1973) and 300sec periodicity of photo- 
sphenc oscillations. 

Under the assumption that for monochromatic corona, the bnghtness « 
(electron density) 2 ; one gets a mean scale height temperature of 2.82 ± 0.14 million 
°K from the mean slope of Fig. 3. 
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A SEARCH FOR OPTICAL MODULATION OF THE SOLAR CORONA 
DURING THE 16 FEBRUARY 1980 TOTAL SOLAR ECLIPSE* 
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Results of a search for optical modulation, or fast variations of the optical 
intensity, of the solar corona during the 16 February 1980 total solar eclipse 
are presented. Equipment is described which was developed to record variations 
in the frequency range from 20Hz to 15kHz and to 15 MHz. The detection 
sensitivity is discussed and limits on the modulation or fluctuation have been 
determined to be less than a luminous flux variation of 10 picolumms in the 
frequency range from 5MHz to 15MHz The detection of a number of atmos¬ 
pheric phenomena in the frequency range from 20Hz to 15kHz are discussed 
along with recordings of eclipse shadow bands. 

Keywords: Optical Modulation; Solar Corona; Optical Intensity; Luminous 
Flux Variation; Shadow Bands 


Introduction 


The objective of this project was primarily concerned with setting limits on, or detect¬ 
ing very fast optical variations or fluctuations originating from the solar corona. Al¬ 
though a number of mechanisms by which such optical variations can be excited exist, 
the major excitation mechanism is thought to be associated with transient puffs of 
highspeed particles that move through the coronal gas and excite plasma oscillations. 
Such transients have been associated with Type II and Type III bursts of radio noise 
m the decameter range. The existence of harmonics in the radio-frequency noise 
suggests a microscopic non-linear oscillation of the coronal gas in a region above a 
flare location (Aller, 1963) The continuity and force equations of electrodynamics 
can be drawn to yield a wave equation for the plasma, or density fluctuation, of 
the form: 


dF 


+ 


4w e* Bp 
m 


n 


0 


where n is the charge density and 


4* e a n„ 
m 


is the Plasma frequency (Jackson, 


1975). As a result of this equation the charge density, velocity and electric field all 
oscillate with the plasma frequency As a result of such charge density varia¬ 
tions, the resultant optical emission is modulated at the plasma frequency 


*Th» material is based upon work supported by the National Science Foundation. 
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Equipment 

The instrumentation used, m this search for optical modulation of the solar corona, 
included two separate detection systems one system for detection of modulation 
frequencies in the range from 20Hz to 15kHz, and a second system for 3MHz to 
6MHz. 

For the modulation band from 20Hz to 15kHz, three solid state photodetector 
systems with high gain AC coupled amplifiers were used The detector-amplifier 
outputs were recorded directly on magnetic tape Each detector consisted of a silicon 
solar cell with a 1 0 cm aperture stop at the cell. The cells were operated m the current 
mode, being shunted by the 5 ohm primary winding of a 100X step-up transformer. 
Small optical variations result in an AC coupled voltage variation at the secondary 
winding of the transformer, which was recorded via the high gam AC amplifier. 
This system can record changes m the light intensity amounting to a one part per 
million variation in background illumination As a result of this sensitivity, this 
detector system is capable of detecting and recording light fluctuations from a 
number of terrestrial-atmospheric phenomena. Several of these phenomena which 
compete or add background noise to the coronal modulation are listed here 

1) Atmospheric striae resulting from turbulent mixing of regions of warm 
and cold air refract light from the sun and give rise to light fluctuations at the surface 
of the earth Previous measurements ra this frequency range have indicated a tur¬ 
bulent atmospheric change following a solar eclipse (Seykora, 1979) 

2) Individual insects at altitudes in the kilometer range are recorded. As high 
flying insects cross the solar disc the background light is modulated by the beat 
frequency of the insects’ wings Furthermore, it is now believed that specific species 
of insects can be detected by their characteristic wing beat frequency. 

3) Sound waves in the atmosphere may be recorded optically over a very great 
range That is, the refraction of light from the solar disc by sound waves is detected 
at the surface of the earth, as a modulation of the solar disc The largest range at which 
such waves have been detected to date is ~ 35,000 ft, the sound originating from a 
high ahtude aircraft 

Because the light fluctuations from atmospheric turbulence and other terrestrial 
phenomena are spatially local (several meters), the fluctuations resulting from the 
solar corona would be coincident at three widely separated detectors (^10 meters) 

For the modulation band from 3-16MHz a photomultiplier (10 stage SI 1 spectral 
response) and radio receiver were used The radio receiver frequency was swept, 
m time, (1 MHz/sec) and the receiver output was recorded both on magnetic tape 
and paper chart The resultant recording represents the light modulation intensity 
vs frequency 


Results 

(1) Optical Modulation Band fot 20Hz to 15kHz 

A recording of one of the three solid state detectors (20Hz to 15kHz) is shown 
in Fig 1 The majority of the fluctuations and scintillations recorded are of atmos¬ 
pheric origin The numerous spikes recorded that form a background on all recordings 



66 


E. J SEYKORA 


have been shown to be high flying insects crossing the solar disc Each signal can be 
heard on reviewing the tape as an insect which modulated the background light by 
the beat frequency of the insect’s wings The large number of scintillations recorded 
from four minutes before totality to totality was a result of eclipse shadow bands 
Dunng this time period shadow bands were seen visually and no band was seen or 
recorded after totality at the location of the detectors The recordings from each 
of the three detectors were analyzed for coincident events which would be indicative 
of optical modulation or fluctuations originating at the solar corona In no instance 
were there any coincident events recorded at the three detectors. Although no modu¬ 
lation or variation of the solar corona was detected, it was concluded that any varia¬ 
tion of the corona in the band from 20Hz to 15kHz was less than 10-* times the 
static coronal intensity. 



MIN BEFORE TOTALITY MIN AFTER TOTA LITY 

Fig 1 Solar scintillations recorded during the 16 February 1980 total solar eclipse, at the Japal- 
Rangapur Observatory Full-scale amplitude 10* r> x static background illumination 

(2) Optical Modulation Band fiom 3MHz to 16MHz 

The upper pen recording shown m Fig 2 represents the photomultiplier output 
as scanned by the radio receiver from 16MHz to 3MHz and back to 16MHz during 
totality For comparison, the dark photomultiplier and receiver noise is shown in 
the lower recording of Fig. 2 The cylic variation recorded in both recordings was a 
result of a uniform variation in the receiver sensitivity with frequency As shown in 
Fig 2 the photomultiplier output during totality did not show any nairow band 
optical variations or fluctuations in the frequency range from 3-16MHz The overall 
noise throughout this frequency range was larger because of the photomultipliet 
shot noise generated by the photomultiplier current During the 20 second time period 
before the end of totality the noise level increased at a larger rate This increased 
noise level is believed to be a result of an increase in light level toward the end of 
totality If the light level during this period was increasing the photomultiplier current 
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would increase proportionately An increase of the photomultiplier’s current would 
then result m an increase in the shot noise recorded at radio frequencies 

An upper limit on the luminous flux of the optical fluctuations m this frequency 
range can be placed at 10 picolumens as calculated from the photomultiplier current, 
and shot noise level recorded at the receiver 

TIME SEC 

120 100 80 60 40 20 0 



Fig 2 The upper pen recording represents the photomultiplier output as scanned by the radio 
receiver, from 16MHz to 3MHzand back to 16MHz, during totality at the Japal-Ranga- 
pur Observatory The lower recording represents the dark photomultiplier and receiver 
noise over the same frequency interval 


(3) Shadow Band Reco/dings 

The recordings of the eclipse shadow bands shown in Fig 2, repiesent lather 
unique recordings of this phenomena That is unique m that the ground level wind and 
turbulence was low at the time of the eclipse and the optical fluctuations associated 
with this type of disturbance was minimal 
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Several conclusions can be drawn from the shadow band recordings analyzed 
to date. First, they do appear as true atmospheric scintillations The correlation 
from one scintillation to the next is random in time and amplitude Furthermore, a 
large vanation in the intensity of the shadow band phenomena was seen at the three 
detectors separated by '"'10 meters 

It is important to note that the shadow band phenomena can be recorded at 
times other than solar eclipses (Seykora, 1979), because the scintillations result from 
upper atmospheric waves or turbulence The turbulent mixing of small regions of 
warm and cold air produce striae that deform plane waves of light passing through 
the atmosphere, from the very thm solar crescent, producing the observed system of 
shadow bands. For a larger solar disc every point on the disc produces a system of 
shadow bands of its own, which tend to overlap in position, reducing the intensity 
of the fluctuations 



Fig. 3. Ray diagram showing the refraction of light from the solar disc by atmospheric turbulence 
and striae The refracted rays may be displaced into or away from the shadow edge during 
the time interval the sun is occulted by the building This results in solar scintillations at 
the detector 


If the sun is artificially eclipsed, as shown in Fig 3, by a distant building the 
shadow edge fluctuates because of distant straie The striae m the upper atmosphere 
refract the rays to a greater or lesser degree, distorting the apparent position of the 
solar disc at the edge of the building Under conditions of very low ground level 
wind and turbulence, scintillations may be recorded during the time any portion of 
the solar disc is occulted by the building Fig 4 is a pen recording of the light fluc¬ 
tuations on a clear day when the sun was artificially eclipsed by a building 30m away 
The detector was placed in the shadow of the building and aligned such that the motion 
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TIME MIN 

Fig 4 Solar scintillations recorded during an artificial eclipse The solar disc was occulted by a 
distant building during the time interval from 0 to 2 minutes. 

of the sun caused illumination of the detector As shown in Fig 4, scintillations 
were recorded m the time interval from time zero to two minutes, the time interval 
the sun was occulted by the building It should be noted that there is a remarkable 
similarity between the recorded eclipse shadow bands (Fig 1) and the scintillations 
recorded during artificial eclipses (Fig 4) Preliminary spectral analyses have also 
shown an equally strong correlation, indicating that the shadow band phenomena 
can be investigated at times other than solar eclipses 
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During a central solar eclipse, the Moon acts as an occulting disc passing m 
front of the Sun Observing the phenomenon of Baily’s Beads from the edges 
of the path provides multiple precise timings of events which can be analyzed to 
detect small corrections to the assumed solar radius 

This paper gives a summary of the theory, the conditions under which it can be 
applied, and the results through 1980 This was the third eclipse observed by this 
method m modern times and the fifth to be reduced in a historical series 
Assuming a solar radius of 959 63, we find corrections as follows 


1715 

+0 52 dr 0 2 

1925 

+0 62 ± 0 08 

1976 

-0 23 =fc 0 14 

1979 

-0 08 =fc 0 09 

1980 

-0 03 rfc 0 04 


Keywords Solar Radius; Solar Eclipse; Baily’s Beads 


Introduction 

Analysis of meridian circle observations made at Greenwich during 1836-1953 
has indicated that the Sun is shrinking at an alarming rate, 1 e, 0 1 per cent per century 
(Eddy & Boornazian, 1979) On the other hand, analyses of transits of Mercury over 
an even longer period, 1736-1973, show little or no variation (Shapiro, 1980, and 
Parkinson et al , 1980) All of the observing methods for these observations require 
that the observers judge when the bright solar limb is apparently tangent to a drak 
narrow wire or small disc, under high magnification Thus there are severe personal 
and systematic errors 

Consider then the observation of a total or annular solar eclipse, in which the 
Moon is regarded as a large occulting disk whose radius is known exactly, and the 
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separation of the two centers is also known precisely. In that case, recording the 
contacts of the limbs gives measures of points in space on the solar limb. Furthermore, 
it is an observation fairly easy to make, for one need only judge whether light is 
present or not. 


Eclipse Timings 


Theory and Criteria for Usability 

Assuming that the distances of the Sun and the Moon from the Earth are accurate¬ 
ly known, and that the size and rotation of both the Earth and the Moon are accurately 
known, then if the Sun and the Moon were perfectly spherical, timed observations 
of the contacts of a solar eclipse from anywhere within the central path would yield 
information on the solar radius by mapping the length of a chord of the disc (Sofia 
et al., 1980). The rdative rate of motion between the two limbs is about 0'.5 per second 
hence timing accuracy of 0.2 seconds yields precision of O'.l. 

Unfortunately, the Moon has a rough surface and hence a rough limb. At the 
mean distance, O'.l corresponds to approximately 190m. Consequently, the precision 
of the timing is lost unless the limb features are known to better than accuracy than 
190m for all orientations of the Moon (liberations). This is not in general the case 
except near the lunar poles, as described m a following section. 

When eclipses occur, the lunar latitude is near zero, hence the lunar polar regions 
cast the parts of the shadow which form the edges of the path. It is necessary to 
observe from both edges m order to separate a change m the path width from a 
longitudinal shift of the entire path. If observers can establish their positions within 
100 m of precision, it is then possible to determine a correction to the solar radius 
with an accuracy approaching 0'.05 There is no systematic error, and the method 
may be applied to past eclipses for which similar observations were made. So far, 
we have been able to achieve the accuracy of position by obtaining various national 
survey maps. In the future, we may be able to use Doppler navigation receivers. 

Corrections to the Ideal Spherical Predictions 

Refinements to the location of the predicted northern and southern limits of the 
path include lunar profile corrections and corrections to the lunar and solar ephemen- 
des based upon modem observations. The path limits are operationally defined by 
the bottoms of particular valleys in the polar regions of the Moon. 

The best source for lunar limb information is Watts’ limb charts (Watts, 1963). 
Approximate profile information can be obtained from U.S N O. Circular 141 
(Duncombe, 1973) For our project, we obtained detailed limb data automatically 
for a given time and location by reading the chart data from a computer file. Then 
the corrections to the predicted limits to take into account the profile could be 
calculated The details of this procedure are found in Sofia et al. (1980). 

Accurate ephemendes of the Sun and the Moon which incorporate fits to 
spacecraft radio tracking and lunar laser ranging data are preferred (e g, Jet Pro¬ 
pulsion Laboratory, Current Development Ephemeris). The location of the centre 
of Watts’ reference datum with respect to the center of mass, and corrections to 
reduce the ephermis to the FK4 system, have been derived by T C. van Flandem 
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of U.S. Naval Observatory through comprehensive analyses of thousands of lunar 
occultation timings 

All of rhffsft factors are combined into overall corrections to the coordinates 
of the Moon with respect to the Sun, resolved into along-path and cross-path com¬ 
ponents, and applied to the predicted limits. 

Accuracy of Results 

A detailed theoretical analysis of the effect of errors in the individual components 
of these calculations as carried through to the final predictions is not practical. It is 
more illuminating to consider what observational experience indicates about these 
errors. 

It was noted in a previous section that malting use of the full precision of the 
timin g of contacts depends on knowing the linear size of lunar features to within 
200m. This is the mam reason why it is only usefbl to observe near the path limits. 
Eclipses only occur when the Moon’s ecliptic latitude is near zero. As a consequence, 
the polar regions of the lunar disc cast the shadow along the edges of the path. An 
examination of the range of profiles given in Duncombe (1973) by overlaying the 
extremes in liberation shows quite clearly that in the polar regions there is very little 
change in the profiles, whereas along the east and west limbs there are variations 
far exceeding 1 arc second. Furthermore, the polar regions tend to show many of the 
same features to be observed along the edges of the paths of all central eclipses. 

Let us now consider occultations of stars by the Moon, which occur much more 
frequently than solar eclipses, yet are subject to many of the same sources of error. 
It is useM to apply knowledge gained from occultation observations to estimating 
the accuracy of eclipse observations. 

An occulation of a star by the Moon is visible along a path whose width is 
comparable to the lunar diameter. Along the edges of this path, the star may appear 
to be occulted several times m quick succession over a few minutes time as the rough 
polar limb passes in front of it. If several observers tune these events at several stations 
spread across the edge of the path, a very accurate profile of the lunar limb can be 
mapped. Since 1963, over a thousand such grazing occultations have been observed. 
Other information obtained includes determination of the ecliptic latitude of the 
Moon relative to the star with an accuracy an order of magnitude better than we 
are considering for eclipses. Also, it is noted that the effect of diffraction at the limb of 
the Moon is even smaller than that. 

Observing a central solar eclipse from the edges of the path is similar in principle 
(Dunham & Dunham, 1973). The difference is that instead of a moving point source, 
one observes an extended source which is cut into small pieces and then reforms 
(Baily’s Beads) This has the advantage of providing multiple events on which statisti¬ 
cal analysis can be performed to find the best fit for the radius to match predictions 
to observations. It has been found by experience that the intensity gradient at the 
edge of the solar limb drops off so rapidly that there is no observational difficulty 
in identifying the appearance or disappearance of a Bead. 

We are confident that our analytic procedure yields positional accuracy for 
points on the solar limb of * 0* 05. For remote past epochs we, argue that the upper 
bound is * 0\2 (Dunham et al, 1980). 
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Application and Results 

The observational technique we employed has been described elsewhere (Fiala 
et al., 1980). Once observations have been taken, the next step is to match the timed 
events to identified features on the calculated lunar limb profile, and then perform 
the statistical analysis (Herald, 1976). 

So far we have reduced observations from 5 eclipses using this method of analysis. 
The corrections deduced for the solar radius are shown in the first column of Table I. 
These numbers are based on observations of Bead events occurring within 30° of 
a pole. The second column of deduced corrections shows similar results obtained 
by analyzing only specific lunar limb features which were observed at 3 different 
eclipses. 


Table I 

Solar radius corrections determined from observations near eclipse path edges 


Date 



Tunings within 30° 
of lunar axis 


Timings using features 
determining 4 1925 At events 

Lunar 

librations 

No. 

Aro 

» 


No. 

hJo 

0 

0 

long. 

0 

lat 

o 

1715 

May 

3 

4 

+0 52 

±0.2 

0 

— 

— 

+18 

-0.2 

1925 

Jan 

24 

4 

+0.62 

0 08 

4 

+0 62 

0 08 

+25 

-02 

1976 

Oct 

23 

15 

-0 23 

0.14 

0 

— 

— 

-14 

+0.1 

1979 

Feb. 

26 

33 

-0 08 

0 09 

3 

+0.11 

0.23 

+17 

-0 3 

1980 

Feb. 

16 

55 

-0 03 

004 

3 

-0 05 

0 35 

-3 0 

-01 


Concluding Remarks 

While no significant change in the solar radius is deduced from the observations 
of recent eclipses, there is a significant decrease of at least 0'.5 from 1925 to 1979 
These two eclipses were separated by exactly three Saros cycles and had similar 
geometries and liberations. Overall, from only 5 eclipses, the pattern of behavior 
cannot yet be identified (secular, cyclic, or random). We plan to continue observing 
more eclipses m the future by the same method, including annular as well as total 
eclipses Also, we have found in the literature and the archives unused observations 
from the eclipses of 1869, 1878, 1900, and additionally from 1925, all of which can be 
analysed m the same way Up until now, the enormity of the labour and the uncertainty 
of the errors have been too great for anyone to finish the analysis The resolution 
of the Sun’s variability is of such significance to the physical structure that we are 
encouraged to keep trying. 
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Simultaneous observations of solar fluxes usmg total power radiometers at 2 8, 

10, 19 3 and 22 2 GHz were made at Japal-Rangapur Observatory, Hyderabad 
m the path of totality during the solar eclipse on 16 February 1980 Residual 
fluxes of 23, 3.5 and 3 per cent of the uneclipsed values were observed 2 to 7 
minutes prior to the totality at 2.8, 10 and 19 3GHz respectively 
Analog data were digitized with 5 seconds interval Usmg the slopes of the 
eclipse curves, radial brightness temperature distribution across the solar disc 
was derived at different frequencies. Enhancements of radio brightness ranging 
from 25 to nearly 100 per cent and half-power widths of 2-4 arc were observed 
corresponding to two major bright regions seen m H-alpha photographs of the 
Sun Spectra of brightness temperature over different regions of the Sun indicate 
1-10 minute periodicities, while the spectra of bright regions show a dominant 
periodicity of about 5 minutes 

Keywords: High Resolution Microwave; Solar Fluxes; Solar Brightness 
Temperature; Maximum Entropy; Supergranular cells 


Experimental Set-up and Observations 

Multi-frequency observations of radio emissions from the Sun were made at the 
Japal-Rangapur Observatory (Long. 78°, 43\7E; Lat 17°, 05\9N) of the Osmania 
University, Hyderabad during the total solar eclipse on 16 February 1980 Dicke-type 
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total power radiometers at 2.8,10 and 19 3 & 22.2GHz were operated by the Physical 
Research Laboratory (PRL) Astronomy Department, Osmama Umversity and the 
Space Applications Centre (SAC) respectively. Table I summarizes some important 
characteristics of the radiometers: 


Table I 

Characteristics of microwave radiometers 


Frequency (GHz) 

2.8 

Sensitivity (°K) 

1.3 

Integration time (sec) 

1 

Halfpower beamwidth (°) 

5 


10.0 

19.3 

222 

0.4 

0.16 

0.6 

1 

1 

1 

0.8 

1.5 

1.5 


The 2.8, 19.3 and 22.2GHz parabolic antennas were equatorially mounted and 
continuously tracked the Sun, while the 10GHz antenna was manually adjusted 
periodically to obtain transits of the Sun. Calibration levels corresponding to equi¬ 
valent radio brightness temperatures of the earth, sky and Sun were marked on the 
strip (harts before and after the eclipse. Except for a few minutes around totality in 
the case of the 22.2GHz radiometer, the overall stability of all the radiometers was 
quite satisfactory. 


Results and Discussion 

The observed eclipse curves for all the four frequencies are shown in Fig 1, where 
the solar fluxes (normalised to their pre-unechpsed values) are plotted as a function 
of time. It is interesting to note that the residual fluxes of 23, 3 5 and 3 per cent at 
2.8,10 and 19.3GHz occurred some 2 to 7 minutes earlier than the time of the optical 
totality. This implies that the centroid of the radio Sun in each case was shifted 
towards the south-west limb of the Sun indicating the presence of an active centre 
at that limb. 

Comparing the observed eclipse curves with those obtained by artificially eclips¬ 
ing uniformly bright radio discs of the Sun of appropriate diameters, one can obtain 
departures of the slope of the observed flux curves from those of the theoretical 
eclipse curves. One example is shown in Fig 2, in which the observed eclipse curve 
at 2 8GHz is compared with the corresponding computed curve for an uniformly 
bright solar disk of radius 18.2 arc minutes. The radius is assumed at this frequency 
as measured by Furst et al. (1979). The changes in the slope of the observed eclipse 
curves are a result of the variations in the radio brightness of the solar disc m the 
presence of bright radio regions scanned by the moon’s edge. 

The observed flux values were then corrected for atmospheric absorption, antenna 
beam shape, cable attenuation, moon’s microwave brightness temperature, etc., 
and the analog data on 2.8, 19.3 and 22.2GHz were digitized to obtain solar flux 
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TIME 

Fig. 1. Observed eclipse curves at 2.8, 10, 19 3 and 22.2GHz for the total solar eclipse on 16 
February 1980. Times of first contact, totality and fourth contact are indicated by arrows 



I S T 

Fig 2 Comparison of observed eclipse curve at 2 8GHz with artificial eclipse curve for a uniformly 
bright radio sun with radius of 18.2 arc minutes 





78 


R V. BHONSLE et at. 


values at an interval of 5sec, thus yielding high spatial resolution (~3-4 arc seconds) 
in one-dimension scan of the solar disc Three-point moving averages of the large 
number of data points were taken a number of times to filter out high frequency 
fluctuations arising due to the system noise The radial distribution of brightness 
temperatures across the solar disc was then computed using file method of Hagen 
and Swanson (1975). 

Fig 3 shows one sample of the brightness temperature variation at 2.8,19.3 and 
22.2GHz as a function of radial distance from the centre of solar disc toward its 
north-east limb. The dashed horizontal line indicates the brightness temperature 
(normalised to unity) of the uniformly bright solar disc and the continuous line shows 
the variations of brightness temperature as the moon scans the solar disc. The fluctua¬ 
tions of brightness temperature at 2.8GHz are seen to occur more rapidly than those 
at the higher frequencies Further, two specific radio bright regions are seen centred 
at about 0.15 and 0.4 Rq from the centre of the disc. These were identified with cal¬ 
cium plage regions seen on the H-alpha photograph of the Sun taken on that day. 
Another important aspect to be noted in Fig 3 is that the limb-bnghtening was 
observed on all the three frequencies around 1.25 Rq at 2 8GHz and 1.2 R@ at 19.3 
and 222GHz 


as £Tb 16 FEB 1980 
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Fra. 3. Radial distribution of brightness temperatures at 2 8, 19 3 and 22 2GHz from the centre 
toward the north-east limb of the Sun. 
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Usmg Burg’s (1967) maximum entroy method (MEM), spectra of the fluctuations 
in the brightness temperature were obtained over different regions of the Sun. The 
spectra showed oscillatory features at all the three frequencies, with dominant periodi¬ 
cities in the range 1-10 min. More interestingly, spectra of the bright radio regions 
mentioned earlier, indicated a dominant periodicity of about 5mm. These values 
were subjected to various statistical tests and were found to be si gnificant . Hence, 
these statistically significant periodicities indicate that they are of solar origin. Broadly 
speaking, the periodicities smaller than about 200sec seem to correspond to scale 
sizes of supergranular cells which have diameters of 30,000km (Tanenbaum et al, 
1969) but those observed around 300sec may or may not be connected with the 
well-known photosphenc velocity oscillations having similar periodicities (Leighton 
et al, 1962). This ambiguity may be resolved if it could be known a priori whether the 
observed periodicity of 300sec in our case is a result of spatial variation or of tem¬ 
poral variation of the radio brightness temperature. 

Conclusions 

Multi-frequency microwave observations were made successfully during total solar 
eclipse of 16 February 1980 Eclipse curve at each frequency was obtained. The 
minimum flux at these frequencies occurred about 2 to 7 minutes earlier than the 
optical totality. Radial brightness temperature distribution was calculated. Enhance¬ 
ments of radio brightness ranged from 25 to 100 per cent over the uniformly bright 
disc of the Sun The MEM spectra of the brightness temperature fluctuations revealed 
statistically significant periodicities in the 1-10 min range and around 5 min. The 
periodicities below 200sec correspond well to the scale sizes of supergranular cells 
but that at 300sec may also be connected with spatial variations corresponding to 
active regions 
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The total eclipse of 16 February 1980 was successfully photographed with the 
High Altitude Observatory’s coronal camera from a site in Palem, India The 
purpose of the experiment was to obtain, with high spatial resolution, polariza¬ 
tion and intensity measurements of the corona to about 3 5 Rq The exposures 
are now processed, raster scanned, digitized and stored on magnetic Sky back¬ 
ground corrected radial plots of K + F coronal brightness are given for polar and 
equatorial directions 

Keywords. High Resolution Coronal Intensity; Polarization; K and F Corona 


Introduction 

the experiment was designed to record, with high spatial resolution, the total intensity 
and polarization of the corona from the limb to about 3 5 Rq The intensity, per 
cent polarization, and polarization direction will ultimately be used m electron density 
and temperature models The results will also be available for cross calibration with 
other measurements such as those obtained with the ground based HAO Mark 
III K-coronameter instrument at Mauna Loa, Hawaii, the joint Harvard/HAO 
Lyman-alpha/White Light Coronagraph Rocket Flight and the Naval Research 
Laboratory’s coronagraph on satellite P78-1 

Description 

The instrument used in the experiment was the High Altitude Observatory’s coronal 
camera (Newkirk et al , 1970) It was slightly modified during the summer of 1979 
by the installation of heat shields to prevent temperature produced changes m focus 
The format of the calibration step wedge was also modified A Goetz 178cm focal 
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length, f/16, objective lens, which forms a coronal image on 70mm film, is the primary 
optical element of the instrument Inserted in the light path directly in front of the 
film plane is a filter wheel containing the four filters required for the measurement of 
intensity and polarization and a fifth filter used to obtain a single-exposure photo¬ 
graph of the entire corona The former four filters consist of three HN-38 Polaroid 
filters sandwiched between a clear cover glass and a Schott OG-3 filter and a fourth, 
identical filter without a polaroid. The three polaroid filters are onented at 60° inter¬ 
vals. The fifth filter is a radially graded neutral density filter constructed to com- 



Fig 1 The solar corona of 16 February 1980 photographed through a radially-graded, focal plane 
filter with an exposure time of 24* 
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pensate for the sharp radial decrease in coronal intensity. The Schott filters 
and spectral sensitivity of the Kodak Linagraph Shellburst film produce a spectral 
band-pass of about 1400A centered at 6500A. 

On the edge of each frame is focused an image of a 20-step wedge which 
is illuminated by a stabilized strip filament lamp. These images were standardized 
to the photosphere by recording exposures through calibrated opal filters on clear 
days when the sun was at eclipse elevation. In an attempt to obtain maximum photo¬ 
metric accuracy the exposure times for the calibration exposures were produced 
with the same programme cam as used during the eclipse (Lilliequist, 1977). 

In order to determine the sky contribution to the recorded intensity and 
polarization values, an image from an 8 5° sky field 10° from the sun was formed 
on the edge of appropnate frames These exposures were also made through three 
polaroids oriented at 60° intervals. 


Results 

A total of thirteen exposures, including one radially-graded photograph, three clear 
filter and nine polaroid exposures were obtained during the 160 seconds of totality. 
These are now processed and the latter twelve raster scanned and digitized as are 
all of the calibration exposures. The eclipse photograph recorded through the 
radially-graded focal plane filter, using an exposure time of 24 seconds, is seen in 
Fig. 1. Data from the clear filter have been analyzed and we are m the process of 
completing the analysis of the polaroid data. The sky background contribution 
as determined from the sky channel exposures was found to be 7.4± 1.1 x 10~ 10 B@. 
It has been found (Lilliequist, 1977) that a plot of log B/B 0 vs. log R/Rq with the 



Fra. 2. Polar radial plots of K+F coronal brightness with sky background contribution subtracted 
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correct amount of sky background substracted should yield a uniform slope through 
3J?®. This is indeed the case when the above value of sky background is used. 

In Figs. 2 and 3 the sky background contribution has been subtracted from the 
measured K+F coronal brightness values. Shown in these figures is the radial dec¬ 
rease in intensity respectively for the two polar directions and equatorial directions. 
These curves are obtained by merging the brightness values from the 0.15* and 1.5* 
exposures from the limb to 1.871® and the 1.5* and 10* exposures from 1.87?® to 
2 47?®. Average discrepancies of about 15 per cent from 1.41?® to 1.81?® existed while 
from 1 81?® to 2 47?® the average discrepancy fell to about 12 per cent. Also for 
comparison on each graph is a standard brightness curve for the corona at solar 
maximum (Allen, 1973). A simple average of the two polar and two equatorial curves 
changes from slightly above the standard curve to slightly below at about 1.81?®. 

Location Palem, India. 



Flo 3 Equatorial radial plots of K+F coronal brightness with sky background contribution 
subtracted 
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A method for estimating the broadening of the intensity profile of the solar 
corona caused by atmospheric turbulence, scattering m the photographic 
emulsion, focussing errors etc, is suggested. 

Keywords: Pins Scattering; Intensity Distribution; Solar Corona; Atmospheric 
Turbulence; Photographic Emulsion 

Introduction 

The total solar eclipse gives a unique opportunity for measuring the coronal intensity 
which, in turn, gives the electron density distribution as a function of the radial 
distance above the photosphere The observed intensity distribution is obviously 
affected by atmospheric seeing, scattering m the photographic emulsion and other 
effects of the same land The problem is similar to what one encounters in measuring 
the photosphenc intensity distribution close to the solar limb The seeing etc., blur 
the sharp boundary of the hmb by spreading the photosphenc radiation into the 
outer regions occupied by the sky background. In the same way, the coronal light is 
thrown into the regions of the photographic plate that are occupied by the moon’s 
disc at the time of the total solar eclipse. There is no mention m die literature regard¬ 
ing the estimation of and correction for these effects in the case of coronal 
observations. So we have attempted here to outline a method which is based on the 
procedure originally suggested by Wanders (1934) and improved by Mmnaert et al 
(1940) for correcting the influence of atmospheric scintillation and other apparatus 
effects on the measured intensity near the solar limb. 

Computed Theoretical Effect 

It is assumed that the seeing caused by atmospheric turbulence, scattering in the 
photographic emulsion, focussing errors, etc, together cause a blur in the intensity 
profile according to a Gaussian function 

F (x, y) - -i exp [-a (x* + ) ] (1) 

7C 

where x and y are expressed in the units of solar radius. As the sun has an angular 
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radius of 960', the broadening function of equation (1) has a width of (960/ V a) 
seconds of arc. For points along a diameter (x-axis) we can integrate over y and write 



Accordingly, if J(x) is the true intensity distribution, then the observed intensity 
distribution J(x) will be given by 

+ oo 

/(x) - j J (0 exp[—a (x-lY\dl ... (3) 

— oo 


Now, in the case of the photosphenc radiation J(x) is represented by a cosine 
or other appropriate limb darkening function. In the present case, we shall take the 
following expression given by Baumbach (1937) for the mean corona: 


/(P) 


+ 4 

P 7 


_C 

nil 


■pr + -p~ + p i7 - 

where p *= (r/R 0 ) > 1 and A — 0.0532, B — 1425, C — 2.565 when J is expressed 
in units of 7 0 x 10 -8 , 1 0 being the intensity at the centre of the solar disc. Measuring 
the distance x from the solar limb we have x «■ P — 1 and J(x) «• 0 for x < 0. Then, 
at the time of the second and third contacts when the limbs of the sun and moon 
coincide we have along the common diameter 


/(*) 


V4 j 


_ A + L + £_ - x 

a +1 >*•« (5 +1) 7 a +1) 17 J 

exp[ — a (pc — ... (5a) 


On the other hand, a t the time of mid-eclipse of magnitude 7»’ we have to put 
I(x) =* 0 for x < (m— 1) so that the broadened intensity profile will take the form: 


/(*) 


OO 


VF I 

771-1 


A + i + _ c _ 1 . 

(5 + l) 8 - 8 T t?t i) 7 + <5 + l) 17 I 

exp [ - a (x- Z)'\dZ ..(56) 


We have computed I(x) from equtations (5a) and (54) for various values of *a’ 
starting from a “= °°, which represents perfect seeing and ideal apparatus, to a — 
60 2 which corresponds to a spread of 960/60*® 16 seconds of arc. In (56), we have 
taken m ■= 1008 corresponding to the magnitude of the echpse at Japal-Rangapur 
Observatory These curves are shown in Figs 1 and 2, respectively. They all have a 
point of inflexion at x=0 for (5a) and *=0.008 for (56) This property can be used 
for identifying the position of the lunar limb on the intensity profile. 


APPLICATION TO OBSERVATIONS 


The position of the lunar limb, observed in the intensity profile can be determined 
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by identifying the point of inflection. It can be determined by representing the intensity 
distribution m its neighbourhood by the cubic equation: 

I(x) (ax* + bx? + cx + d), . .(6) 

which gives 

Xinflee “ “ b\ 3fl (7) 

Finally, the observed intensity has to be scaled by factor K to bring it to the level 
of the mean intensity of equation (4) by means of the equation 


Od ©o 

K J l(x)dx - / J(x)dx . (8) 

x 0 x 0 

where xo = 0 or m—1 as the case may be. 

The scaled and properly positioned intensity profiles can then be compared with 
the theoretical curves for deriving the broadening parameter a. Estimate of ‘a' can 
by comparing either the observed and computed intensities or the observed and 
computed slopes at the point of inflection 

It is clear that the observed coronal intensity distribution must be corrected for 
the smearing effect of the broadening function The serial procedural steps would be- 

i) Use the derived isophotes to obtain the observed radial distribution of 
intensity at various position angles 

u) Correct the observed radial intensity distribution by a numerical interation 
technique similar to that given by Burger and van Cittert (1932) 
hi) Replot the isophotes on the basis of the corrected intensity profiles. 

The computations reported in this paper were performed on the TDC 12 
computer of the Osmama University Computer Centre 
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ECLIPSE STUDIES OF DUST MOTION IN THE F-CORONA 
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The Fick Observatory programme of study of dust motion m the F-Corona is 
reviewed A detailed description is given of the photoelectric radial velocity 
spectrometer instruments which have been employed in both the 1979 Canadian 
and 1980 Indian total solar eclipses Two of the measurements in the 1979 eclipse 
indicate a predominant low velocity blue shift from dust in the corona along 
lines of slight 3 2 Ro and 4 3 Rq west of the sun. Interpretations of these results 
and future eclipse experiment plans are described 

Keywords: Solar Eclipse; Solar Corona; Coronal Dust 


Eclipse expedition teams from Erwm W. Fick Observatory had employed small 
portable radial velocity spectrometers at two recent solar eclipses m attempts to 
detect and measure line-of-sight velocities of the dust in the F-corona. Results of the 
velocity measurements at the 1979 Canadian eclipse have been reported by Beavers 
et al (1980). Multiple dip velocity profiles with a primary blue shift of about 50km/sec 
were recorded at both 3 2 Rq and 4 3 Rq west of the sun. Attempts to repeat the 
measurements at a site in Palem, India during the 1980 solar eclipse were not successful 
due to difficulties with the mini-computer control of the experiment 

The programme continued with major efforts in the following two directions: 

A. Equipment Improvements 

1. To increase the effective data collection time m future eclipses similar multiple 
experiment configurations are being developed. Thus, two systems effectively double 
the bnef eclipse observations period. 

2 Each entire portable experiment is self-contained except for the need for a power 
source of 12 volts. This is consistent with field use anywhere in the world. 

3 Experiments are being made with the use of fiber optics to couple the telescope 
and spectrometers, thus further reducing the size and weight of the equipment. 

4 Attempts are being made to put one or more of these experiments aboard aircraft 
for future eclipses This would permit obtaining more measurements during the 
event, provide the opportunity for attempting measurements at greater distances, 
i e, ^ 10 Rq, and will avoid clouds. 

5 The eclipse spectrometers are being tested for possible applications in Zodiacal 
light studies. 
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B. Interpretation op the Velocity Features 

Attempts have been made to model the dust corona with small, large, or combi¬ 
nations of small and large particles to see what details of particle motion and distri¬ 
bution can produce the observed doppler signatures. So far the best fitting models 
appear to be those with predominantly large particles m direct eccentric orbits 
Some of the models produce doppler features sufficiently narrow that we are con¬ 
sidering developing at least one spectrometer system with higher resolution capabilities. 
Dependence of the doppler profiles on such features as possible inner dust boundary, 
role of radiation pressure and related features such as color and polarization of the 
coronal light is also being investigated 
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TWO COLOUR PHOTOMETRY OF THE SOLAR CORONA 
K. Anthony Raju and K. D Abhyankar 
Centre of Advanced Study in Astronomy , Osmania University , Hyderabad 500 007 , India 
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The analysis of the direct photographs of the corona taken with the double 
polangraph, through blue (>3200A) and red (X7000A) filters, is presented. 

The method adopted for the absolute calibration and reduction is given. Isophote 
parameters like ellipticity, central shifts and average and effective radii are cal¬ 
culated The intensities in the two colours are compared with the van de Hulst's 
model corona after applying corrections for the effect of limb darkening It is 
found that m general the blue intensities are less and the red intensities more than 
the model corona at all radii 

Keywords: Corona; Isophotes; Ellipticity; Central Shifts 

Introduction 

It is well established that the coronal light consists of three distinct components 
(Hulst, 1953) K-corona, F-corona and E-corona. The first component, K-corona, 
is due to the photospheric light scattered by the free electrons present m the corona 
Its spectrum is continuous, without any Fraunhofer lines, since these are washed 
out by very fast moving electrons The light due to K-corona is polarized and is 
independent of the wavelength The second component, F-corona, is due to the 
diffraction of sun’s light by the interplanetary dust particles. The spectrum of this 
component shows Fraunhofer lines, because the dust particles are heavy and rela¬ 
tively slow moving so that the Fraunhofer lines are not washed out This component 
is unpolarized and dependent on wavelength, although the exact relation is not known 
accurately It has been pointed out by van de Hulst (1950) that the F-corona vanes 
as A 1 / 2 This makes the corona significantly redder at large R 0 The third component is 
revealed by the emission lines in the coronal spectrum caused by the highly ionized 
atoms present m the coronal gas This component, E-corona, is very weak and makes 
negligible contribution to the total intensity of the corona 

Attempts have been made to study the intensity of the corona m the mono¬ 
chromatic light of two strong coronal lines at 5303 a and 6374A But the problem of 
the colour of the corona and the wave-length dependence of F-corona is not settled 
yet Allen, who made the photometric study of the corona, at the eclipse of 30 June 
1954 m two colours found no reddening and concluded that there was no severe 
change of colour m the corona as far as 10 radii (Allen, 1956) On the other hand 
both theory and observations showed that the F-corona is significantly redder (Hulst, 
1947, and Blackwell, 1952) Ney has found a small infrared excess m the corona 
during the eclipse of 2 October 1959 (Ney et al, 1961) 
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Instrument 

In order to study the intensity distribution of the corona at two wavelengths 
dunng the total eclipse of 16 February 1980 a double polangraph had been con¬ 
structed (Anthony Raju, 1980) This instrument enables one to photograph the 
corona directly and also through polaroids in two colours Two filters, blue and red, 
whose peak transmission are at 4200A and 7000A respectively, were used to phots- 
graph the corona Thus the intensity and also the polarization of the corona can be 
studied at two wavelengths simultaneously 

This instrument was attached to the 48-inch telescope of the Japal-Rangapur 
Observatory of Osmama University from where the eclipse photographs were taken 
The local circumstances of the eclipse at the observatory were (Subrahmanyam & 
Sreedhar Rao, 1979). Longitude*—98° 43 7', Latitude* 17°05'9', Elevation* 
695m above msl, Duration of totality-129s 

Ei ght photographs of the corona in each colour, of which two are direct ones, 
were taken during the totality with exposure times of 4s and 10s. The two direct 
photographs taken through blue and red filters are shown in Figs 1 and 2, respec¬ 
tively. 



Fig 1 Photograph of the corona in blue 
Calibration and Reduction 


(a) Calibration 

The calibration m the present work was made in the absolute units in the follow¬ 
ing manner Two sources of light, the Sun and another standard source, were photo¬ 
graphed through a 20-step optical wedge The intensity of the sun was reduced by 
a known amount by using two neutral density filters The effect of limb darkening was 
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Fig 2. Photograph of the corona in red. 

properly taken into account The two curves resulting from these were plotted on 
the same scale and they were found to be parallel The curve for the sun had only a 
few points whereas the other curve had 20 points covering the whole range of densi¬ 
ties Since the short curve was m the absolute units, the shift necessary to make both 
the curves coincide was found out and this was used to put the complete curve m 
the absolute units Thus all the intensities are expressed m terms of brightness at the 
centre of the solar disc The same optical system and the same exposure times that 
were used for the corona were used for the calibration also Separate curves were 
drawn for both the colours 

( b ) Transmission of ND Filteis 

We used Kodak Wratten ND filters of densities 0 9 and 3 0 as specified by the 
manufacturers In order to check the neutrality of the filters, we measured their 
transmissions by observing G stars with the photoelectric photometer attached to 
the 48-inch telescope of Japal-Rangapur Observatory The measured densities are 
given in Table 1, from which it is clear that the filters are not strictly neutral We 
have used our measured densities for the absolute calibration of the coronal 
intensities 

(0 Scanning oj the Photographs 

The eclipse negatives were scanned using the Joyce Loebl microdensitometer 
of Regional Research Laboratories of Hyderabad The north-south direction was 
marked on each of the negatives, which were scanned along this direction and also 
along parallel sections at intervals of imm for blue and Jmm for red A slot of 20 
microns square was used for scanning 
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Table I 

ND filter transmissions 


Filter No 

Density given by 

Measured density 


manufacturer 

Blue 

Red 

1 

30 

3 446 

3 269 

2 

09 

1090 

0 904 

Total 

39 

4 536 

4173 



Fig 3 Coronal isophotes m blue 









TWO COLOUR. PHOTOMETRY OP THE SOLAR CORONA 


95 


(d) Drawing of the Isophotes 

The microdensitometer scans were used to plot the contours of equal intensity 
in the corona. The distances of points having a fixed intensity were found out from 
the centre of the moon on each tracings. All the points were plotted with the centre 
of the moon as origin and they were jomed to give the isophote of that intensity. 
This procedure was repeated for all the isophotes, drawn at an interval of 0.075 in 
log intensity, except for a few mner ones where the interval was 0.15 on the same 
scale Both negatives of 10s and 4s exposures were combined for plotting the 
isophotes. The final isophotes for blue and red wavelengths are shown in Figs. 3 
& 4. The intensities of various isophotes are given in Tables n and Ql where the 
isophotes are counted from outside in. 

(e) Positions of the Moon and the Sun 

The isophotes thus obtained are centred around the moon. The diameter of the 



Fig 4 Coronal isophotes in red 
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Table II 

Coronal isophotes in blue 


Tsophote 

No. 

Intensity 

(in Jo) 

Ellipticity 

Shifts of Centres 

Towards Towards 

North East 

Average 
radius 
(in Ro) 

Effective 
radius 
On Ro) 

1 

8 811x10"* 

0023 

0083 

0 062 

1832 

1.854 

2 

1047x10"* 

0.030 

0 075 

0.046 

1762 

1.786 

3 

1245 

0041 

0 054 

0.047 

1703 

1733 

4 

1.479 

0.045 

0 054 

0.051 

1669 

1693 

5 

1758 

0040 

0 060 

0042 

1638 

1666 

6 

2 089x10"* 

0 041 

0 062 

0.046 

1612 

1.640 

7 

2 484 

0 041 

0.057 

0.038 

1589 

1.613 

8 

2952 

0 042 

0.052 

0 034 

1.563 

1574 

9 

3 508 

0 042 

0.050 

0 033 

1539 

1550 

10 

4168 

0 053 

0.051 

0015 

1513 

1535 

11 

4954x10"* 

0.039 

0 049 

0031 

1483 

1501 

12 

5 888 

0 040 

0 049 

0034 

1463 

1477 

13 

6999 

0.038 

0 044 

0 029 

1438 

1458 

14 

8 317 

0.048 

0 036 

0 031 

1413 

1437 

15 

9 887 

0 054 

0028 

0 029 

1385 

1402 

16 

1 175xl0" 7 

0 052 

0024 

0 029 

1368 

1382 

17 

1.396 

0 051 

0024 

0026 

1343 

1.363 

18 

1.660 

0 047 

0 011 

0023 

1317 

1335 

19 

1.973 

0 049 

0005 

0021 

1296 

1307 

20 

2 344 

0 045 

—0007 

0 026 

1255 

1271 

21 

3.312x10" 7 

0038 

—0011 

0021 

1222 

1234 

22 

4 678 

0026 

—0013 

0015 

1 184 

1 193 

23 

6.606 

0032 

—0010 

0016 

1 148 

1 165 

24 

9.333 

0 024 

—0010 

0016 

1 119 

1 132 


moon’s disc was determined by* 


i) measuring the actual diameter on the negative; 

u) calculating the diameter from the focal length of the lens; and 

in) measuring the distance between the points of inflection on the tracings 

These three values agreed within the experimental errors 

To draw the Sun’s disc inside the moon, the following procedure was adopted 
The values of the semi-diameters of the Sun and the Moon were found out, for the 
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Coronal isophotes in red 


Isophote 

No 

Intensity 
(in Bo) 

Ellipticity 

Shifts of Centres 
Towards 
North 

Towards 

West 

Average 
radius 
(in Rq) 

Effective 
radius 
(in Ro) 

l 

5.703x10“® 

0 014 

0.086 

0.063 

1849 

1.865 

2 

6 775 

0021 

0.078 

0 061 

1.801 

1807 

3 

8.052 

0 029 

0.065 

0 057 

1756 

1762 

4 

9.570 

0044 

0.059 

0.063 

1700 

1709 

5 

1.137x10"* 

0.040 

0.051 

0 059 

1647 

1656 

6 

1.353x10“ 7 

0053 

0.051 

0.065 

1.600 

1619 

7 

1.607 

0.054 

0.049 

0067 

1557 

1.562 

8 

1.909 

0 054 

0.039 

0 067 

1511 

1507 

9 

2.269 

0.054 

0.039 

0.076 

1483 

1494 

10 

2 697 

0 054 

0.046 

0.072 

1449 

1.449 

11 

3 206x10“* 

0047 

0 039 

0 067 

1415 

1.416 

12 

3.810 

0 047 

0.023 

0 070 

1362 

1368 

13 

4.528 

0 052 

0.006 

0 079 

1319 

1.336 

14 

5.382 

0 057 

—0.017 

0.072 

1271 

1278 

15 

7.602 

0046 

—0.027 

0.070 

1.221 

1239 

16 

1 074x10“® 

0 076 

—0.061 

0.070 

1181 

1195 

17 

1.517 

0 056 

—0.033 

0 066 

1156 

1163 

18 

1.999 

0 052 

—0.034 

0.064 

1140 

1137 


eclipse day, from the ephemens The position angles of the second and third contacts 
for Rangapur site were taken from the General Information on total solar eclipse, 
16 February 1980 (Bhattacharyya, 1979). Taking the moon as stationary, the positi- 
tions of the centre of the sun are found out at second and third contacts using the 
above values The line joining these two will give the path of the Sun’s centre dunng 
totality The position of the centre of the Sun is found out for the tune at which the 
photograph is taken, and taking this point as the centre, the Sun’s disc is drawn. 
The dashed circles m Figs 3 and 4 show the moon and the inner continuous circle 
shows the position of the sun The positions of the prominences, as observed by us 
are also indicated in them, they coincide with other observations by Durst (1981) 
and Rybansky (1980) 

if) General Description of the Isophotes 

The general appearance of the isophotes in the two colours is more or less similar 
They are almost circular as they should be for the corona of the maximum phase of 
the solar cycle (Waldmeier, 1971) The isophotes show a clear asymmetry in the north- 
south direction From the positions of the prominences, it appears that the north- 
south asymmetry is correlated to the high prominence activity on the north side, 
which has spread out the isophotes m that direction Several observers have reported 
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the CTistftnfift of a coronal hole in the south at the time of the eclipse which also makes 
the corona less bright in the south (Sivaraman, 1980) 

Isophote Parameters 


(a) Ellipticity 

For each isophote the ellipticity is calculated using the Ludendorff’s (1928,1934) 
formula 


€ 


■P«Qtt 

•Dpole 




( 1 ) 


Here 2>eqn 15 the average of the equatorial diameter and the two diameters that make 
an angle of 22°5' with the equator Similarly 2> pote is the average of the polar diameter 
and the two diameters that make an angle of 22°S' with the polar axis. 

The values obtained for the corona in blue are given m Table IL They vary bet¬ 
ween 0.02 and 0.055 with an average about 0 04. The values of the ellipticity for the 
corona in red are given in Table III, here the average ellipticity is about 0.05. These 
are expected values for the corona of maximum phase (Bappu et al., 1973). Our values 
of ellipticity for the present corona are compared, m Table IV, with the other values 
for the various coronas in different phases of solar cycle (table after Waldmeier, 
1971). The ellipticity of the present corona is nowhere zero, which shows that this 
corona is not perfectly circularly symmetrical. 


Table IV 

Elhptiaty of the corona 

Eclipse Ellipticity 


1958 

October 

12 

007 

1959 

October 

2 

014 

1961 

February 

15 

017 

1962 

February 

5 

028 

1963 

July 

20 

029 

1965 

May 

30 

024 

1968 

September 

22 

0.06 

1970 

March 

7 

000 

1980 

February 

16 (present work) 

0 045 


(b) Central Shifts 

In addition to the ellipticity, the shift of the centre of the isophote from the 
centre of the Sun is also calculated for each isophote, because they also represent the 
asymmetry of the corona These values were calculated using the formulae 

r„ — r, 

2 

_ — r„ 

2 


Shift towards north 
and 

Shift towards east 


( 2 ) 
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where r«, r„ r, and r„ are the radial distances of the isophote in north, south, east 
and west directions, respectively. The values of the shifts thus calc u la t ed are given m 
Tables II and III, where they are expressed in the units ofJ? 0 .In blue, the shift towards 
east is more or less constant, but the shift towards north is found to as the 

distance from the limb increases. A similar behaviour is observed in red also But 
the difference between the corona in two colours is apparent in the east-west direction 
In red, the shift is towards west, 1 e., the isophotes are more spread out in the west 
while in the blue the shift is towards east. Thus these shifts not only show the general 
asymmetry of the corona in a particular colour, but also the differe-nra** m isophotes 
between the two colours. The shifts are obviously related to the structure of the 
corona in various directions. When more information would become av ailab le re¬ 
garding the differences of temperature, density, magnetic fields etc, in the various 
parts of the corona, it may become possible to interpret our findings regarding the 
differences in various isophotes of the same colour and the differences in the blue 
and red corona. 


(c) Average Radius and Effective Radius 

The average radius for each isophote is found out by taking the average of the 
16 radial distances at intervals of 22 e 5'm azimuth. Thus 


15 

r (N—22 a 5') 
16 

i — O 



.. (3) 


Next, the area of the corona under each isophote is measured and the effective radius 
is found out by means of the equation: 

A — n r 2 efr. (4) 

Both values are given in the Tables II and III; it can be seen that they are nearly the 
same 


Radial Variation of Intensity 

Both the average radius and the effective radius can be used to plot the variation of 
intensity in the corona However, the effective radius is more representative as it 
takes into account the extent of the isophote in all directions Consequently, the 
plots of intensity against r e ff shown m Fig 5 are a good measure of the average 
variation of coronal intensity with radial distance The van de Hulst model corona 
for maximum solar cycle is also shown for comparison. 

It can be seen that the corona m red is brighter than the model corona through¬ 
out whereas the intensity in blue colour is lower than that of the model The model 
corona which is based on a limb darkening coefficient of 0 6 most probably represents 
the wavelengths of A 5500 A A part of the difference between the three curves is 
obviously due to the effect of the limb darkening on the intensity of the corona 
(Billings, 1966). 

In order to compare with the van de Hulst model, our values are converted to 
A 5500 A after allowing for the limb darkening effect The two expressions for tan- 
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gential component, It, and radial component, I r , of electric vector of the scattered 
radiation are (Billings, 1966): 

I t - J. [(l-«) C + uD] ..(5) 

sin* X [ ( 1 — u) A + uB] . (6) 

where A, B, C, D are functions that depend on r and are tabulated by Billings 
From the above two expressions the total intensity can be written as (taking 
X - ir/2 ) 

lt+I r = h^2- [(l-u){2C-A) + u{2D-B)] "... (7) 

Then the ratio of the intensities in two wavelengths A x and A, becomes 

/(At) (!-«,) ( 2C — A) ± «i ( 2D — B) m 

J(A 2 ) (1 — u 2 ) (2C— A) + u 2 (2D — B) ” 

Putting 0.796, 0 600 and 0 485 for A-*4200A, 5500A and 7000A respectively, 
the intensities in blue and red can be reduced to those at A *=5500A. They are shown 
m Fig. 5 with thin lines. We now find that the intensity in the blue merges with the 
model corona near the limb and is less m the outer region. The intensity in red is 
however greater than the model corona at all distances 



Our analysis has so far given the qualitative behaviour of the corona in two 
colours separately, which shows that the corona is not similar m the two colours. 
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The detailed quantitative comparison of the intensities is being made and final 
results will be available after some time 

Acknowledgements 

We thank Mr K. R. Radhakrishnan, for helping us in the calibration of filters. We 
are also thankful to the Director and staff of Regional Research Laboratory, Hydera¬ 
bad for their help m making the density tracings K. Anthony Raju thanks the Uni¬ 
versity Grants Commission, New Delhi, for giving Teacher Fellowship under the 
Faculty Improvement Programme. 


References 

Allen, C W (1956) Mon Not R astron Soc., 116, 69. 

Anthony Raju, K (1980) Bull astron Soc . India, 8 , 65. 

Bappu, M K V et al, (1973) Pramana, 1, 117. 

Bhattachaiyya, J C (1979) General Information, Total Solar Eclipse, February 16,1980 , p. 11 

Billings, D. E (1966) A Guide to Solar Corona, p 150. Academic Press, New York 

Blackwell, D.E (1952) Mon Not R astr Soc, 112, 652 

Durst, J (1981) Private Commun 

Hulst, H C van de (1947) Astrophys J, 105,471 

- (1950) Bull astr. Inst Netherl, 11, 135. 

- (1953) The Sun, p 255 (Ed G P Kuiper) The University of Chicago Press, Chicago. 

Lundendorff, H (1928) Sitzber Preuss Akad Wiss, 16, 185 

-(1934) Ibid, 200 

Ney, E P et al, (1961) Astrophys, J, 133, 616 
Rybansky, M (1980) Bull astron Inst Czechosl, 31, 316 

Sivaraman, K R (1980) Paper presented at Astr Soc India Sixth Annual meeting 
Subrahmanyam, P V, and Sreedhar Rao, S (1979) Nizamiah and Japal-Rangapur Observatones, 
Contr No 11 

Waldmeier, M. (1971) Physics of the Solar Corona, p 130 (Ed C J Macns). Reidel Publishing 
Company, Dordrecht 



Proc. I ndian natn Set. Acad , 48, A, Supplement No. 3, 1982 pp 102-108. 


Printed in India 
Astronomy 

INTERFEROMETRIC ECLIPSE OBSERVATIONS OF THE Fe XIV 

INNER CORONA 

R N Smartt, J B Zirker and H. A. Mauter 
Sacramento Peak Observatory,* Sunspot, New Mexico 88349, V S.A 
(Received 7 August 1981) 

An experiment earned out during the 16 February 1980 total solar eclipse to 
measure velocities and intensity distributions associated with coronal loops is 
desenbed The optical instrumentation used consisted of a 30cm aperture 
Cassegrain telescope, a solid Fabiy-Perot etalon, ancillary optical components 
and a motor-driven camera During totality, the green corona was photographed 
both with and without the etalon in the system, the first maximum of the etalon 
beyond the limb was recorded on three frames A preliminary discussion of the 
data is presented. 

Keywords: Solar Eclipse; Inner Corona; Magnetic Loops 


Introduction 

The primary objective of our experiment was to determine the mass flux in magnetic 
loops associated with active regions in the corona, and the 16 February 1980 solar 
eclipse presented an attractive opportunity to obtain such observations since it 
occurred dose to the maximum activity phase of the solar cycle A secondary objective 
was to study the detailed intensity distribution of the corona m the vicinity of the 
limb, obtained near second and third contacts, to provide further information about 
where and how the energy contained in the downward mass flow is dissipated. The 
observations were carried out at the Japal-Rangapur Observatory, operated by 
Osmama University, Hyderabad, India 

Observations of coronal and prominence loops, in the EUV and at visible wave¬ 
lengths, have suggested that there is significant mass motion of the plasma along 
loop field hnes (Kopp & Pneuman, 1976). This concept is supported by calculations 
(Cheng, 1977) that show that such mass motion can account, at least m part, for the 
remarkable stability of coronal loops, which, in the absence of such stabilizing factors, 
would be disrupted in a magnetohydrodynamic time scale of a few seconds Based 
on an analysis of the energy and pressure balance of coronal loops, Foukal (1976, 1978) 
has suggested that material flows from the corona, across field lines at the top of 
loops, and down both sides to the chromosphere, the downflow resulting either from 
thermal instability or from fluctuations in the deposition of non-thermal energy 


♦Operated by the Association of Universities for Research in Astronomy, Inc under contract 
AST-78-17292 with the National Science Foundation, USA. 
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His conclusions are based on a relatively small sample of optical spectra obtained 
at Sacramento Peak Observatory in coronal surveys between the years 1971 and 1976 
His suggestions, if valid, would prove extremely interesting for the further development 
of ideas on mass balance, and our experiment was aimed at checking these suggestions 
Eclipse observations have been earned out using Fabry-Perot interferometers 
(Jarrett & von Kluber, 1955, 1961, Delone & Makarvoa, 1969; Liebenberg, 1975 and 
Liebenberg et al, 1975) to obtain emission corona hne widths, and the instrumenta¬ 
tion used in the experiment desenbed here was similar A principal difference was that 
we used a solid Fabry-Perot etalon, which has significantly greater stability than 
the air-spaced designs used previously We also were concerned to obtain as high 
spatial resolution as possible, with interest pnncipally m details of the inner corona 
Because of the marked non-uniformities of the corona m this region, reduction of the 
data is substantially more complex than for data obtained further out in the corona 
where the distnbution tends to be more uniform. We present here details of our 
experiment and a preliminary summary of the data obtained. 

Instrumentation 

The configuration of the optical system used is illustrated in Fig. 1. The primary 
ima gin g system consisted of an f/77 field-corrected Cassegrain telescope, 30cm 
aperture. This system was measured interferometrically and found to have a mean 
wavefront error ~ A/4 out to a semi-field angle M) 5°, a value which is almost twice 
the angular semi field covered in our experiment Beyond the primary focal plane, 

SOLAR IMAGE INTERFERENCE CAMERA 



Fio 1 

® Sacramento Peak Observatory, Association of Universities for Research in 
Astronomy, Inc, U S A —8101 11 


a 17 8cm focal length lens collimated the source rays and formed an image, 23mm 
diameter, of the objective aperture which was also the entrance pupil. A sohd Fabry- 
Perot etalon, with a finesse ~20 and free spectral range ~2 7 A, was located m this 
image plane, with a blocking filter positioned between the collimating lens and the 
etalon The filter transmission band, 12A FWHM, was centered, for normally incident 
light, at 0 -5303A, with a peak transmittance of 0.71 The etalon was followed by a 
35mm motor-driven camera, with an f/2 5, 135mm lens, located to form a telecentnc 
system The relayed solar image at the film plane was 17mm diameter Panatomic-X 
film, although slow speed (ASA 32), was used because of its relatively high resolving 
power (100-200 lines/mm, depending on object contrast, exposure and development) 
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The Fabry-Perot etalon, of crucial importance in such an experiment, consisted 
of a fused-silica substrate, 0.352mm thick, 44mm diameter, with 8-layer dielectric 
rating s on each surface Since such a component is extremely fragile, it was oiled 
between anti-reflection coated optical glass cover plates, to give a reflectance, R~ 0.97. 
This value for R was probably slightly high for optimum performance, since some 
residual parallelism imperfections in the substrate were observed when it was examined 
at a large tilt angle, in an mterferoscope. The finesse was measured using a filtered 
mercury isotope lamp source, and was found to be <~20, corresponding to a velocity 
sensitivity of approximately 3km/s, adequate for the aim of our experiment The 
etalon sandwich was mounted in a temperature-controlled oven, which, with outer 
optical-grade windows sealed by o-nngs, and internal air gaps ~ 1.5cm, provided 
a very stable thermal environment A solid etalon has a considerable practical 
advantage for this application of being very stable, since once constructed to the 
thickness appropriate for the desired form and location of the interference pattern, 
its stability is a function only of the temperature sensitivity of the substrate. For 
fused silica, the coefficient of thermal refractivejndex change dominates the coefficient 
of the thermal expansion, in terms of optical thickness Taking both parameters into 
account results in a sensitivity in the case of this etalon of0 008 order shift per Celsius 
degree over normal operating ranges. Therefore, with only the crudest thermal control, 
the fhnge pattern dimension is stable to within the measuring precision. For our 
experiment, the etalon oven was set at 40 °C 

The entire optical tram was mounted on a massive, equatonally-mounted spar 
An auxiliary co-ahgned telescope, mounted on another spar face, produced a pro¬ 
jected solar image, 13cm m diameter; this system was used primarily for monitoring 
the guiding precision. An advantage of the large-mass mount was high pointing stabi¬ 
lity, even when adjusting the optical system components The spar was driven m right 
ascension, through a gear train, by a synchronous motor Trimming of the drive 
rate was then possible by a variable input frequency control Fast and slow slewing in 
both right ascension and decimation was also possible The guiding rate tended to 
drift, due in part to gear errors, and there is some possibility that a non-negligible 
drift occurred during the period of eclipse observations, although this is not obvious 
in the recorded images. 

Calibration 

Photometric A telescope cover containing four holes, each 16mm diameter and 
covered with neutral density glass filters, produced an attenuation of 2 8 x 10~ 5 of 
the light transmitted by the uncovered aperture over the spectral range of the inter¬ 
ference filter By recording a range of exposures of the solar disc with the cover m 
place, exposure values appropriate for typical brightness levels of the inner green¬ 
line corona were obtained As well, a neutral density calibrated step wedge was posi¬ 
tioned at the primary image and the image recorded, which provided additional 
calibration data not only as a check of the method just described, but also to give the 
characteristic curve of the film. 

Interferometric • Provision was made to insert a mercury lamp, together with a 
condensing lens, diffusing screen and an appropriate filter for the mercury green 
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lme, into the optical system such that the screen was located in the primary focal 
plane. This allowed the circular Fabry-Perot fringes characteristic of the etalon para¬ 
meters and the illumination geometry, at A 5460 7 A, to be recorded over an angular 
field identical dimensionally with that of the coronal field, apart from the negligibly 
small aberration introduced by the Cassegrain telescope The etalon was designed 
to produce the first maximum beyond the solar limb (two maxima withm the image 
of the solar disc) at an angular radius of 17.84', for a wavelength of A 5460 7 A The 
value measured was 17 93', the difference presumably due to the phase change on 
reflection at the dielectric films of the etalon Any possible dispersion of phase shift 
between the calibrating and operating wavelengths has not yet been measured 
Spatial Resolution : The entire optical system was bench tested using an illu¬ 
minated resolution target at the focus of a collimating mirror that was coaligned 
with the optical axis of the Cassegrain telescope. Measurements of the recorded image 
showed a resolution limit < 1 second of arc, consistent both with the independent 
measurements of the telescope wavefront aberration, and with the scale of 0.018mm 
at the film plane corresponding to a 1 arc sec field angle. Hence, with extremely good 
atmospheric seeing and an object of modest contrast, we would expect to detect 
detail down to 1 arc sec. 

Observations and Preliminary Analysis 

Both photometric and interferometric calibration records were obtained before 
the first contact and m the partial phases before and after totality. During the total 
phase, which lasted 128s, a sequence of exposures were obtained according to a set 
program Except for exposure times < Is, the camera was triggered by a remotely 
located photographic timer A secondary aim of the experiment was to 
attempt to trace loops down as close to the photosphere as possible, to gam obser¬ 
vational clues as to how the energy, assuming downward mass flow, might be dissi¬ 
pated Exposures were therefore obtained immediately following second contact 
and just prior to third contact, without the etalon in the optical path Fortuitously, 
the most active part of the green-line corona at that time almost coincided m position 
angle with the first part of the disc to be exposed at third contact The angular reso¬ 
lution m the recorded images is estimated to be between 2 and 3 arc sec, and some 
loop structures are clearly evident To determine if any loops observed were actually 
at limb passage at the time of observation, it was planned to intercompare the eclipse 
images with ground-based coronal observations at daylight hours closest to the eclipse 
time, but cloud precluded obtaining any such observations at Sacramento Peak 
Observatory except over a period of a few minutes, and the quality was not sufficient 
to make useful comparisons One isolated, single loop, extending to a height of 
2 7 X 10 4 km, is however clearly recorded in the exposure obtained just prior to third 
contact and is close to the position angle of the first part of the disc to be exposed 
at the end of totality Although microdensitometer tracings are required for con¬ 
firmation, a visual inspection indicates that one leg of the loop disappears, or almost 
so, before reaching the limb While the other leg appears to extend to the surface, 
there is, of course, no certainty that this is the case Asymmetry in radiance, if in fact 
real, differs from the usually accepted form of such loops, but is not inconsistent with 
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the idea of an electric current flow from one leg to the other, under which circumstance 
asymmetries are presumably likely to exist 

In the intervening period which represented the major part of totality, the mam 
experiment was earned out For this the etalon was inserted in the optical path, and 
exposures obtained at 007s, 013s, 0 25s, 0 5s, Is, 5s, 15s, 25s, and 45s Estimates 
of the required exposure time suggested that Is would not give useful information, 
and that proved to be the case The strategy however was that these several exposures, 
each <ls, together represented only a small fraction of the totality penod, and could 
be useful m the event of an exceptionally bnght coronal region Exposures at 15s, 
25s, and 45s reveal the first maximum in the etalon transmission function Although 
not crucial to the experiment, it was hoped to record also the next maximum further 
out in the field Apparently, a much longer exposure time would have been required 
for this, since the images obtained without the etalon indicated that the green-line 
corona was less extensive than usual for this phase in the solar cycle 
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One of the images obtained with the etalon in the optical path is reproduced in 
Fig 2 To highlight the maximum region, an image of the corona without the etalon 
has been subtracted from one with it This subtraction is poor however, due p rimar ily 
to the different contrast ratio m details in the two images. Although the optical system 
was adjusted such that the interference pattern was precisely concentric with the solar 
disc pnor to first contact, Fig 2 reveals an eccentric location of the maximum fringe. 
This is m part only apparent since the occultation by the moon is not symmetrical. 
But there remains a substantial eccentricity, possibly due to a tracking error, although 
image smearing dunng the 45s exposure, for example, is not evident. A further possibi¬ 
lity is that the magnitude of the gross radial flow m the corona varied moderately 
systematically with position angle Since this latter explanation would require radial 
velocities up to an order of magnitude greater than that from solar rotation, it is 
regarded as implausible But such a possibility, at least to some extent, cannot be 
excluded at this time. Further, the diameter of the maximum fringe in the eclipse 
image is larger than the corresponding fringe in the mercury green pattern, while the 
opposite situation is to be expected without any gross radial velocity flow of the inner 
corona and with negligible dispersion of phase shift associated with the etalon Since 
some dispersion of phase shift in the etalon is likely (previously assumed negligible), 
while large-scale velocity flow of about 23km s” 1 in the corona is not, we tentatively 
conclude that the primary cause of the displaced maximum in the eclipse image is 
of instrumental origin The required calibration measurement is not easily obtained, 
but will be earned out by recording spectra over the appropnate wavelength interval 
produced by a spectrograph with the etalon placed over the entrance slit. 

Finally, while the eclipse records are nch in structure detail, precise information 
cannot be simply extracted, since this detail itself complicates the reduction There¬ 
fore, to deduce accurate line profiles and line shifts, especially in the vicinity of loops, 
requires micro-densitometer scans and computer processing of the data. This work 
is proceeding 
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Session B : ATMOSPHERIC PHYSICS 
SOLAR RADIATION AND RELEVANCE TO ECLIPSE STUDIES 

A. K. Saha 

National Physical Laboratory, New Delhi-110012, India 
(Received 2 September 1981 ) 

This is a discussion on solar electromagnetic radiation as it impinges on the earth’s 
atmosphere With a solar eclipse this radiation is obstructed by the moon and 
consequences of blanking of radiation are felt at various levels of the atmosphere. 

Keywords: Solar Radiation; Blanking of Radiation 

Major part of radiation from the Sun is in the visible and infrared region and is 
emitted with an equivalent black body temperature of about 5900 °K. There are 
radiations of lower intensity m the far ultraviolet and m the X-ray region and at 
metre wavelengths m the radio frequency that correspond to higher temperatures. 
A sizeable part of the radiation over the whole spectrum range is absorbed at various 
levels of the atmosphere by various constituent molecules and atoms at their charac¬ 
teristic wavelengths. In Fig. 1, this is illustrated with the level of radiation at the 



Fiq. 1. Spectral distribution of solar irradiation reaching the earth. 
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top of the atmosphere and the level reaching the ground. This is for the overhead 
sun. With the inclination of the sun, the mass of intervening atmosphere in the ray 
path and there is a continuing diminution of level at all wavelengths with 

the zenith angle. 

The earth’s surface and the atmosphere receive energy from the incident sunlight 
Part of die incident light is reflected back from the top of the atmosphere, from the 
ground surface and from cloud cover, forming the albedo. The earth, constituting the 
surface and the atmosphere, also re-radiates energy outwards But this is with a 
much lower characteristic temperature of about 288 °K, so that the bulk of this energy 
is m die infrared region. This re-radiation also is possible only m certain windows 
of the spectrum, where the atmospheric gases (mainly H a O and COs) do not have 
their absorption bands (Fig. 2). The incoming energy and the re-radiation constitute 
the atmospheric radiation balance, affecting climate and meteorology on the earth. 



Fig. 2. Spectral radiance curve for thermal radiation leaving the earth The earth’s surface is 
approximated to 288 °K blackbody and the atmosphere to 218 °K 


In the stratosphere, there are some minor constituents whose concentrations are 
dependent on photo-chemical processes For example, nitric oxide at these heights 
is known to decrease during an eclipse. Of more interest is Ozone, on which several 
studies have been made. Fig 3 shows results of some computations of Ozone concen¬ 
trations at various height levels (Herman, 1979), according to known photo-chemical 
processes, during day and night periods. A solar eclipse may be considered as onset 
of night time conditions on a compressed time scale. It may be noted in Fig 3 that 
no changes in ozone concentration are expected at heights below 30km For higher 
heights there is an increase in ozone. But total ozone change is expected to be less 
than 1 per cent (increase) as the bulk of ozone is below 30km level. An U-2 flight 
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at a height of 19.6km in 1979 total solar eclipse over North American continent did 
not show any change in ozone (Starr et al, 1980). 



Flo. 3. Theoretical estimate of percentage change in diurnal variation of ozone at altitude of 30,35, 
40, 45, 50 and 55km (after Herman, 1979). 


Solar radiation at wavelengths below about 2900A is absorbed in the upper 
atmosphere (Friedman, 1960). Ozone m the stratosphere is responsible for the 
absorption down to about 2000A. Molecular oxygen absorbs below 2000A, radiation 
at wavelengths shorter than 1750A dissociating O a in the height range 85-100km. 
Below about 850A all constituents of the upper atmosphere contribute to the 
absorption (Fig. 4). 

Extreme ultraviolet radiation ionizes vanous constituents of the upper atmos¬ 
phere to form the ionosphere. Lyman-a radiation at 1216A ionize NO m the D-region 
around 70-80km Lyman-? at 1025A, ionizing 0 2 , is partly responsible for the 
E-region. Radiation at wavelengths below about 1000A cause ionization at upper E 
apd F-regions. Several line radiations like neutral and singly ionized helium at 584A 
and 304A and multiple ionized iron lines at 355A and 288A contribute substantially to 
F-region ionization. Soft X-ray spectrum of 30-100A are absorbed between 100 and 
140km to provide bulk of the E-region ionization. Still shorter X-rays contribute to 
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ionization in the upper D-region Blocking of the ionizing radiations during a solar 
eclipse should affect electron density levels at all ionospheric heights. 



Fig. 4. Penetration of solar radiation into the atmosphere, indicating the level at which the intensity 
is reduced to 1/e. 


The ionizing radiation changes during a solar eclipse will be a combined effect 
of the diurnal change of the zenith angle of the sun and the obscuration of the sun by 
the moon. The total insolation pattern would be similar to what is shown in Fig. 5. 
This will be so if all the radiation came uniformly from the visible solar disc or die 
photosphere However, the radiations in both extreme ultraviolet (XUV) and X-rays 
are from specific areas of the Sun and these are not necessarily limited to the solar 
disc. Very often they overflow outside The positions of the active areas are of 
significance in understanding the ionization changes m the ionospheric layer during a 
solar eclipse Satellite observations of the Sun in XUV and X-rays allow predictions 
of positions of these active areas. Such predictions were provided by the National 
Physical Laboratory, New Delhi, for the solar eclipse of 16 February 1980, to help 
timing the launch of rocket payloads from Thumba and SHAR, so that they were in 
penods when the active areas were eclipsed by the moon 

Radiations from the Sun in the radio ranges are also from selective and active 
areas and, therefore, their obscurations are also not according to the simple picture 
given m Fig 5 These radiations do not affect the atmosphere. But they are observable 
at ground level and, during an eclipse and solar obscuration, give some information 
on the distribution of the radio emitting regions on the sun, which are often asso¬ 
ciated with active regions emitting XUV and X-rays. 

Temperature changes dunng eclipse period, at various heights in the atmosphere, 
will be dependent on die amount of energy that is being absorbed at those heights 
and the time variation of die incident radiation. At levels near the surface of the 
earth, there should be a substantial cooling effect and cooling should be expected at 
almost all heights, unless there is a change in concentration of the absorbing consti- 
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Fio. S. Variation of solar radiation reaching ground level with progress of solar eclipse, as expected 
from simple considerations 


tuent at that height. Such effects may be felt at heights where ozone level increases 
during eclipse. Increase m temperature has been observed at heights above 50km, 
but cooling effects are reported even at 40 or 45km Sudden decrease of temperature 
at such heights during eclipse totality have been cited as source of atmospheric 
gravity waves proceeding outwards from the eclipse path (Chimonas & Hines, 1970). 
Lowering of temperatures at ionospheric heights have also been inferred, such as in 
Fig. 6, where temperature estimation has been made by combined analysis of lono- 
sonde and absorption measurements during a previous eclipse (Venkatachan et al, 
1972). 

During a solar eclipse, radiation levels at all wavelengths should decrease with 
the obscuration of the Sun Decrease m concentration of some absorbing gas, in the 
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TIME (1ST) 

Fig. 6. Vanation of electron temperature m the F-region during a solar eclipse, inferred from 
radio observations 


atmosphere, could result in increase of irradiation at ground level, at some wave¬ 
lengths This, however, does not occur, even with ozone, that shields solar ultraviolet 
radiation that is harmful to life No additional danger from the Sun is therefore 
expected during eclipse. 
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ROCKET MEASUREMENT OF OZONE CONCENTRATIONS DURING THE 
SOLAR ECLIPSE OF 16 FEBRUARY 1980 

B. H Subbaraya and Shyam Lal 
Physical Research Laboratory, Ahmedabad-380 009, India 
(Received IS February 1982 ) 

Three Centaure IIB rockets were launched with a combination of payloads few 
studying the behaviour of the lower ionosphere, neutral atmosphere and atmos¬ 
pheric ozone during the solar eclipse of 16 February 1980 from Thuraba (8.5*R. 

77 0°E), India Two rockets were launched on the eclipse day, the first at 1454b* 

1ST when the sun was obscured by 40 per cent and the second at 1522hr 1ST 
when the sun was obscured by 70 per cent The third rocket was launched as a 
control flight on 17 February 1980 at 1522hr 1ST. Ozone concentrations could be 
estimated from an altitude of 15km to about 65km. It was found that while the 
ozone concentrations at the peak were nearly same on all the flights, there were 
some changes m the level of the ozone maximum. Further, below the peak both 
the profile shape and number densities changed from flight to flight In the 
40-50km region, the ozone values were larger during the eclipse than the normal 
values, the difference increasing with height and with the progress of the eclipse 
In the lower mesosphere, i e, above about 55km, large increases were observed 
during the first flight This was followed by a decrease in ozone from the first 
flight to the second flight, l e, from 40 per cent eclipse to 70 per cent eclipse 
Results of a theoretical study involving the solution of the time dependent conti¬ 
nuity equation with full oxygen and hydrogen chemistry are given. 

Keywords. Rocket Measurement; Ozone; Profile Shape; Number Density; 

Time-Dependent Continuity Equation 

Introduction 

Ozone variations caused by a solar eclipse have been of interest not just because 
ozone is a photochemical product of solar radiation, but, also because it plays a 
dominant role in the chemistry at stratospheric and lower mesospheric altitudes, 
influencing a number of other minor constituents of the earth’s atmosphere, and the 
ion chemistry in the D-region Further, in recent years, there has been an increased 
interest m ozone studies due to the realisation of the possible adverse effect of certain 
anthropogenic activities on the total ozone overburden. The time constants for ozone 
loss m the upper atmosphere at various altitudes have been significantly revised in 
recent years as a result of the ozone loss processes due to HO*, NO* and the chloro- 
fluoromethanes However, the rate coefficients for some of these reactions are not 
well known. In some cases there are significant temperature dependences which need 
to be taken into account and further, the concentrations in the upper atmosphere of 
these species which are invoked to destroy ozone are not well known. Hence, the 
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need for an observational study of the ozone life times m the upper atmosphere has 
been well recognised 

Ozone Studies during previous Solar Eclipses 

There have been several attempts to monitor the variations in total ozone during an 
eclipse Jerlov et al (1954) found a decrease in total ozone during the solar eclipse 
of 1945 which was later attributed to atmospheric effects. Several workers have found 
an increase in total ozone by a few per cent (Fournier d’Albe & Rasool, 1956; and 
Sevensson, 1958) during partial as well as total solar eclipses Bezverkhnu et al. 
(1956) have found a considerable increase m total ozone (6-8 per cent) during the 
February 1952 and June 1954 solar eclipses. Stranz (1961) found an increase of about 
4 per cent dunng the 22 October 1959 eclipse at an equatorial station, Buma in 
Belgian Congo The increase started about twenty minutes before the maximum 
phase of the eclipse, maximum effect was reached somewhat after the eclipse maxi¬ 
mum phase and the higher level of ozone persisted for sometime after the eclipse 
maximum phase. Since day to day variability in total ozone is believed to be much 
less m equatorial regions than elsewhere, the 1959 results are considered to be more 
definite as an eclipse induced ozone change. 

A theoretical study by Hunt (1965) predicts a 0.6 per cent increase m total ozone 
dunng a total solar eclipse. Most of the variation is contnbuted by changes at altitudes 
above about 40km. Below 40km, the time constants for ozone loss are large and no 
eclipse induced changes are predicted. However, Hunt’s study is restneted to a 
consideration of pure oxygen chemistry only and we now know that the pure oxygen 
chemistry accounts for only 17 per cent of the total ozone loss. Loss mechanisms 
involving radicals of hydrogen, nitrogen as well as halogens are important additional 
candidates for ozone loss in the stratosphere and mesosphere. The relative importance 
of the different loss schemes is altitude-dependent. Since the relative importance of 
the various ozone loss mechanisms is altitude-dependent, a study of the ozone varia¬ 
tions at different altitudes during a solar eclipse is important The level above which 
significant changes can occur and the extent of the change produced at different 
altitudes are not established. Wuebbles and Chang (1979) attempted a treatment of 
the changes in stratospheric trace constituents for the February 1979 eclipse Even 
though the complex chemistry of H0 2 , NO a and CIO* was included in their study, it 
was limited to the region below 40km and further, ozone was held fixed and the 
variations of other trace constituents were studied. The variations of stratospheric 
constituents dunng a solar eclipse, sunrise and sunset have also been studied. 
However, no results are available on eclipse induced effects on ozone from this study 
Further, some attempts have also been made to study the solar eclipse effects on 
mesosphenc ozone for altitudes above about 65km. However, there has been a con¬ 
siderable revision of the ozone photochemistry since these studies and a full theoretical 
treatment of the solar eclipse problem for ozone including the hydrogen and nitrogen 
chemistry is not yet available for stratospheric and mesospheric altitudes 

The first attempt to study the variations of ozone at different altitudes during a 
solar eclipse was undertaken by Randhawa (1968) during the total solar eclipse of 
12 November 1966 in Argentina, which occurred in the prenoon hours Two rockets 
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were launched with chemiluminescent ozonesondes, one on the day prior to the eclipse 
and one on the eclipse day at the time of totality. The eclipse day ozone concentrations 
were larger than the previous day values by a factor of 2 at altitudes above about 
50km An increase in ozone was observed when the instrument was under totality 
and the ozone concentrations started decreasing as the instrument came out of 
totality indicating a sharp response of ozone at these levels to the solar radiation. 
At lower altitudes, no eclipse induced changes in ozone were detected. During the 
partial solar eclipse of 10 July 1972, a well-organised campaign for stratospheric 
investigations which included measurement of ozone, temperature and winds from 
rockets as well as balloons was undertaken at Poker flat, Alaska, a subpolar station 
(Randhawa, 1973). Ozone measurements were made upto an altitude of about 50km 
under eclipsed and noneclipsed conditions. No appreciable change in ozone was 
observed at altitudes above 40km during the eclipse This lack of an eclipse effect 
was attributed to the fact that at Poker flat in the summer months daylight extends 
for more than 21 hours while the eclipse lasted for only 2 hours At altitudes below 
40km, however, an increase was seen during the eclipse, the increase being by a factor 
of 1.5 at 35km. While Randhawa concluded that this mcrease could not be due to 
eclipse induced photochemistry, it is interesting to note that the wind measurements 
made during the eclipse did not show any eclipse induced changes in the local winds. 
Starr et al (1980) made measurements of ozone during the total eclipse of 26 February 
1979 from the U-2 aircraft and did not detect any effect due to the eclipse at the air¬ 
craft altitude of 19.8km. 


The Thumba Campaign 

A coordinated rocket programme to study the response of the lower ionosphere, 
variations m neutral atmospheric structure as well as variations in ozone concen¬ 
tration profiles during a solar eclipse was undertaken from Thumba for the 
16 February 1980 solar eclipse Table I shows the details of the rocket launches from 

Table I 

Rocket campaign for the solar eclipse—Thumba 8 0 5N, 77°E 


Rocket flight 

Launch 

Date 

Launch time 
Hrs (1ST) 

Eclipse 

level 

Measured Parameters 

M-100B 

08 506 (Met) 

16.2 1980 

1253 

Before 

eclipse 

Temperature and winds 

Centaure (Dl) 

05 60 

16<21980 

1454 

40% 

Ozone, Molecular oxygen and 
Electron and Ion densities 

Centaure (D2) 

05 61 

162.1980 

1522 

70% 

—do— 

M-100 B 

08*507 (Met) 

1621980 

1635 

After 

eclipse 

Temperature and wmds 

Centaure 

05 63 

1621980 

1855 

Twilight 

Winds, Wmdshears and gravity 
waves 

Centaure (D 3) 

05 64 

1721980 

1522 

Control 

flight 

Ozone, Molecular oxygen. Elec¬ 
tron and Ion densities 
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Thumba. The three Centaure rockets designated Dl, D2 and D3 carried identical 
payloads comprising of a Langmuir probe (PRL), a Gerdien condensor (NPL) and a 
propagation receiver for electron and ion density measurements (NPL), a Lyman- 
alpha ion chamber for measurement of O 2 concentrations (PRL) and a three channel 
MUV photometer for ozone concentration measurements (PRL). The MUV photo¬ 
meter is a three channel instrument working at 250nm, 280nm and 310nm wave¬ 
lengths, each with a bandwidth of about lOnm. Details of the instrument are described 
m Acharya et al. (1979) The photometer is calibrated before flight not only for its 
spectral response but also for its angular response The rockets performed well 
reaching peak altitude of about 140km. The first rocket Dl could not be successfully 
tracked and the rocket trajectory had to be extrapolated from the trajectories of D2 
and D3. Fig. 1 illustrates the eclipse conditions during the trajectory of the fli ghts 
Dl and D2. 

a [for o-» rocket flight] 



Fig. 1. Flight history of rockets Dl and D2 showing the progress of the eclipse along the rocket 
trajectory. 


Experimental Results 

The MUV photometers functioned well on all the three flights and gave good data. 
The photometer outputs are read from the telemetry charts, corrected for rocket 
aspect and smoothed before use in estimation of ozone densities Fig 2 shows some 
samples of such aspect corrected and smoothed profiles A height-dependent effective 
absorption cross section is used to estimate the ozone concentrations A full descrip- 
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tion of the data analysis procedure is described elsewhere (Subbaraya & Shyam Lai, 
1981). Ozone concentrations could be determined for the three flights upto an altftmfr 
of about 65km or more. Even though photometer data are available right from the 
ground, at altitudes below about 15km, the data need to be corrected for atmospheric 
scattering effects and reliable ozone estimates are not possible at these lower heights. 
The India Meteorological Department had made arrangements for balloon ascents 
from Trivandrum with an ozonesonde on the solar eclipse day. Unfortunately, the 
balloon data turned out to be noisy and the data could not be reduced to give reliable 
ozone concentrations. A mean model profile constructed by Kundu (private communi¬ 
cation) based on balloon ascents from Trivandrum has been used for the lower 
altitudes to extend the experimental profiles down to the ground level. The results 
are shown in Fig. 3. 

Ozone concentrations from the first flight (Dl) could be estimated for the altitude 
region of about 15km to 70km. The profile shows a trough above thetropopause with 
a minimum concentration of 1.1 X 10 12 per cc at 20km above which die ozone con¬ 
centration steadily mcreases to reach a broad maximum of 1.95 x 10 12 per cc m the 
26-28km region. Above this peak, the ozone concentration steadily decreases with a 
scale height of about 6km upto an altitude of about 50km. But above about 55km 
there is a sharp change in the profile shape. The data from the second flight (D2) 
could be used to determine ozone concentrations m the altitude region of 15km to 
66km. This profile also shows a minimum above the tropopause around 20km with 
an ozone concentration of 8.0 X 10 n per cc.The ozone maximum is reached at 28km 
with a value of 1.90 x 10 IZ molecules per cc. Above the peak, ozone density decreases 
with a scale height of about 6km upto about 50km above which the decrease is sharper. 
This profile does not show the sharp change in profile shape above 50km, which was 
shown by the Dl profile. The third flight conducted as a control flight on the follow¬ 
ing day also yielded good data Ozone concentrations could be estimated from 15km 
to 65km altitude. The minimum above the tropopause is at a lower altitude, near 
17km and is not so well pronounced as on Dl and D2. The ozone maximum is 
reached at 28km with a peak concentration of 2.03 X10' 2 molecules per cc Above 
the peak level, the D3 profile follows closely the profile of D2, but the ozone 
concentrations are everywhere smaller. 

A comparison of the eclipse day results from the results of the control flight 
shows that while the maximum ozone density is nearly same for all the flights, during 
the first flight of 40 per cent solar obscuration the ozone profile shows a much broader 
peak than the other two profiles. Below the level of the peak, the ozone concentra¬ 
tions as well as the profile shapes are different for the three flights. There is a syste¬ 
matic decrease in ozone from Dl to D2 as the eclipse progresses and both values are 
smaller than the normal (D3) values. Since ozone at these altitudes has large photo¬ 
chemical life times, these variations cannot be explained by eclipse induced photo¬ 
chemistry and are likely to be due to dynamical processes. Above the level of the 
ozone peak, the three profiles agree within experimental errors upto about 38km 
altitude. Above this altitude, a systematic increase is seen during the eclipse. From 
D3 to Dl, i.e., at 40 per cent eclipse ozone mcreases by about 20 per cent in the 
40-50km range. Above 50km, the increase is larger, becomes 50 per cent at 55km, a 
factor of 2 8 at 60km. Further, upto about 50km altitude, ozone densities increase 
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Fig 2 MUV Photometer data for channels 1 and 2 of the first rocket flight Dl. Figure shows the 
raw data (crosses) together with the aspect corrected and smoothed profile which is 
ultimately used for estimation of ozone concentrations. 
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Fig. 3. Ozone concentration profiles for the three rocket flights D1 (16 February 1980. X=42 5® 
eclipse 40 per cent), D2 (16 February 1980. X=46.6® eclipse 70 per cent) and D3 (17 
February 1980 X«=46.6 per cent control flight) 


from the 40 per cent obscuration level to the 70 per cent obscuration level (see 
Table II). Above 50km, this increase with the progress of the eclipse diminishes, and 
the two eclipse profiles intersect at 55km Above 55km, ozone values measured at 
40 per cent eclipse are larger than those measured at 70 per cent eclipse, even though 
both are larger than normal values At 60km for example, the D1 values are twice the 
D2 values and 2 8 times the D3 values At 65km, the D1 values are 3 8 times the 
D2 values and 5 5 times the D3 values The D2 values are larger than the D3 values 
by a factor of about 1 4 throughout this range of altitudes. 

The noise level of the instrument is low except at very low altitudes The si gnal 
to noise ratio of the telemetered data was good on all the flights except for certain 
portions of the first flight Dl. Major sources of error in the estimation of ozone 
concentrations are (1) error in the reading of the photometer current, (2) error due to 
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Table II 

Ozone concentrations at different altitudes in the upper stratosphere and 
mesosphere during the solar eclipse and control condition 


Altitude 

Ocm) 

D1 

16 Feb. 1980 

40% 

(cm - *) 

D2 

16 Feb. 1980 

70% 

(cm" 8 ) 

D3 

17 Feb. 1980 
Control 
enr 1 ) 

30 

in 


mmi 

35 

i wBBBli 

£5 1 


40 




45 



1.0(11) 

50 

45(10) 

6.2(10) 

3.8(10) 

55 

2 5(10) 

24(10) 

1.5(10) 

60 

1 5(10) 

7.5(9) 

4.5(9) 

65 

7.2(9) 

1.8(9) 

1.3(9) 

70 

3.4(9) 


Mm 


1.7(12) means 1.7 x 10« 


uncertainties in rocket aspect, and (3) error due to uncertainties in the rocket trajectory. 
Errors in the estimation of the effective absorption cross section used contribute 
generally much less than the three errors mentioned above. These are discussed in 
detail elsewhere (Subb&raya & Shyam Lai, be. cit.). The combined error could be as 
large as ±50 per cent at tire lower and the upper ends of the useful altitude range of 
any given channel. For the rest of the altitude range, the errors are smaller reaching 
values of ±5 per cent or less in the middle of the altitude range. For the ozone con¬ 
centrations of D1 on the 310nm channel the error is ±50 per cent at 14km decreases 
to ±20 per cent at 18km and reaches a value of ±5 per cent in the 20-22km, before it 
increases again to ±20 per cent at 24km and ±50 per cent at 25km. Similarly for the 
280nm channel, the errors are ±50 per cent at 20km decrease to ±20 per cent m the 
22-25km region, reducing to ±5 per cent in the 26-35km region before increasing 
again to ±20 per cent in the 38-40km and above 40km, the errors are ± 50 per cent 
For the 250nm channel, the errors are ±50 per cent in the 32-35km region, ±20 per 
cent in the 36-40km region and reduce to ±5 per cent in the 40 to 50km region. 
Above 50km, the errors increase reaching values of ±20 per cent at 60km and ±50 
per cent at 65km At 70km and above, the measurements could be uncertain by a 
factor of 2 or more. 


Theoretical Study 

A theoretical study was undertaken to study the effect of a solar eclipse on the ozone 
concentrations in the altitude region of 50-80km. This study includes in addition to 
the classical Chapman reactions, important reactions involving hydrogen species 
(H,OH&HOj). 

The tune-dependent continuity equations are solved for five species (O, O s , H, 
OH and HOs) using latest reaction rates for the various chemical reactions and the 
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integration is carried out for the entire duration of the solar eclipse. The effects of the 
reactions involving nitrogen species on the loss of odd oxygen (O and O s ) is one to 
two orders of magnitude less m the 50~55km and even less at higher altitudes, hence 
reactions involving oxides of mtrogen are not included. Details of the analytical 
procedure and full results are described elsewhere (Shyam Lai, 1981). The analysis 
shows that below about 45km altitude the eclipse induced photochemistry does not 
produce any change m ozone. Eclipse produces an increase in ozone only above this 
height The magnitude of the effect increases with increase m altitude and with the 
progress of the eclipse. Maximum change m ozone is delayed with respect to eclipse 
totality by an interval which is dependent on the altitude. The experimental results are 
broadly in agreement with the results of the analysis However, the sharp change in 
the slope of the ozone profile above 55km seen on the first flight D1 at 40 per cent 
obscuration, and the consequent decrease in ozone from 40 per cent eclipse to 70 per 
cent eclipse (D1 to D2) conditions are not reproduced by the calculations. The results 
of D1 above 55km are anomalous and cannot be explained by straightforward photo¬ 
chemistry. However, the experimental results are beyond the limits of uncertainty. 
The combination of photochemistry and dynamics required to produce such changes 
remain to be explored. 
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TOTAL OZONE, SURFACE OZONE AND VERTICAL DISTRIBUTION 
OF ATMOSPHERIC OZONE MEASUREMENTS CONDUCTED AT GADAG 
AND OTHER STATIONS IN INDIA DURING THE TOTAL SOLAR ECLIPSE 

OF 16 FEBRUARY 1980 
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and 

C K. Chandrasekharan 
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The present study deals with the total ozone, surface ozone and vertical 
distribution of ozone measurements conducted at Gadag, and from the existing 
network of ozone stations m India during the period 15-17 February 1980 
These ozone data for the days before, during and after the total eclipse have been 
analysed and the effect of the total solar eclipse on the total ozone, ozone near the 
earth’s surface and the distribution of ozone m the vertical has been presented 
and discussed in the paper 

Keywords: Ozone—Total, Surface and Atmospheric; Ozonesonde; Dobson Ozone 
Spectrophotometer; Ozonagram 

Objective 

The main objective of the present study is to investigate if the total solar eclipse 
that occured over the Indian Peninsula on 16 February 1980 had any effect on the 
total ozone, vertical distribution of ozone, and on the ozone concentration near 
the earth’s surface With this objective total ozone, surface ozone and vertical distri¬ 
bution of ozone measurements were conducted at Gadag dunng the period 15-17 
February 1980 These ozone data along with smilar data from the other ozone measur¬ 
ing stations m India for the days before, during and after the total solar eclipse were 
computed and plotted to study the effect of solar eclipse on the ozone content of the 
atmosphere 


Observational Set-Up 

Dobson Ozone Spectrophotometer for measurement of total ozone, Indian Balloon 
Borne Ozonesonde for measurement of vertical distribution of ozone from ground 
to 35km, and surface ozone sensors for continuous recording of surface ozone were 
used at Gadag and other stations m India These instruments and the present status 
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of ozone measurements m India have been described earlier by Alexander & Chatteijee 
(1980). 


Surface Ozone 

Surface ozone measurements were earned out from Delhi, Pune, Nagpur and Kodai- 
Ifanal dunng the period. In addition to these observations of IMD network, surface 
ozone sensors were set up at Gadag and Raichur which were m the path of totality, 
as a part of the total solar eclipse expedition programme of the India Meteorological 
Department. 


Total Ozone 

Dobson Ozone Spectrophotometer being a very heavy and also a very delicate optical 
instrument, only one Dobson Spectrophotometer was transported from Delhi and 
was set up at Gadag for taking total ozone observations and vertical distribution 
of ozone by Umkehr method, dunng the period from 14-18 February 1980. In 
addition, total observations were also made at Srinagar, New Delhi, Varanasi, 
Pune and Kodatkanal which are the network stations in India for total ozone 
observations. 


Vertical Distribution of Ozonb 

Instrument facilities and balloon facilities were set up both at Raichur and Gadag 
for sending balloon borne ozonesonde instruments operating at 403MHz Only a 
limited number of ozone soundings could be taken as other types of soundings at the 
same frequency were also taken from these two stations during the period 

Data 


Surface Ozone 

The surface ozone data from Kodaikanal, Gadag, Raichur, Pune and Nagpur 
for these days have been plotted in Figs 1A & IB. 

Total Ozone 

The total ozone data from Kodaikanal, Gadag, Pune, Varanasi and New Delhi 
for these days have been plotted in Figs. 2A & 2B 

Ozonesonde 

Ozonesonde data from Gadag for 15 and 16 February have been plotted in Fig 3. 

Discussion 


Surface Ozone 

Comparison of the data for 15, 16 and 17 February 1980 for the different 
stations brings out the following salient feature: 
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(i) From an analysis of data it is seen that surface ozone decreased from 41#*gm/m* 
to 37-gm/m* during 1500hr to 1630hr on 16 February 1980 over Gadag. This may be 
due to the cooling of the atmosphere and the damping of all convective processes 
during the eclipse period which resulted m lowering the ozone concentation at the 
surface. On a scrutiny of the micromet wind data at Gadag for the same period it is 
observed that the wind was practically calm from surface to 13 5m above ground. 

(ii) Other than the above feature there was no other detectable change in the surface 
ozone values around the time of the eclipse which could be attributed to eclipse 
itself. This is understandable as far as we know, since tropospheric ozone is physically 
transported from the higher levels due to the various mixing and circulating processes 



Fig. 1A. 
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in the atmosphere and is not photochemically produced in the troposphere itself. 

(«/) Variations in surface ozone observed in Pune can be attributed to change m 
the mixing processes in the lower troposphere as well as changes in wind direchon. 

Total Ozone 

The analyses of the total ozone data of 14-18 February 1980 from Kodaikanal, 
Gadag, Pune, Varanasi and New Delhi show that there is no significant change in 
the total ozone at any of the above stations except a decrease m the total ozone 
observed at Gadag by 2 per cent on the 17th. The decrease noticed during the first 
contact is, however, within the instrumental and personal errors and cannot be 
conclusively attributed to the effect of eclipse itself 

Vertical Distribution of Ozone ( Ozonagram ) 

On an analysis of the ozonesonde data of 15 and 16 February 1980 over Gadag 
the following salient features are brought out 

There is an increase of ozone mixing ratio above 36mb (22km) At the level of 
ozone maximum this increase corresponds to about 3/tigm/gm i.e, from 10 to 13 
figm/gm. 

The ozonesonde data tend to suggest that during the eclipse period the mechanism 
of ozone destruction was less active than during the normal sunshine period How¬ 
ever, there appears to be considerable realignment of the ozone above the tropopause 
The ozone amount between 80mbs and 36mbs decreased. This could have happened 
on account of the horizontal advection of new air mass in the region of the upper 
atmosphere. 
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Fig. 3 
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MEASUREMENT OF SOLAR UV RADIATION OVER DELHI DURING 
SOLAR ECLIPSE OF 16 FEBRUARY 1980 

B N Srivastava, M. C. Sharma and R. S. Tanwar 
Radio Science Division 

National Physical Laboratory, New Delhi-110 012, India 
(.Received 21 January 1982) 

A solar UV photometer regularly recording solar UV radiation at wavelengths 
280±lnm, 290±lnm and 310±lnm at the National Physical Laboratory, 

New Delhi was kept operative during the solar eclipse of 16 February 1980. 

The photometer during pre- and post-edipse days was recording at 290nm 
wavelength in the sun-tracking mode. Also, visible radiation from 330nm to 
12 micron was recorded by a standard solar cell Analysis of results have shown 
that the decrease m UV radiation was not in proportion to the obscurity of the 
solar disc while the decrease in visible radiation was of the same proportion. 

Keywords: UV-B Radiation; Solar UV Photometer; Ozone; Solar Eclipse 

Introduction 

Earlier observations during the total solar eclipse have not clearly shown any 
effect in the ozone content of the atmosphere. In view of this our solar UV photometer 
which has been recording regularly UV-B radiation at the National Physical Labo¬ 
ratory (NPL), New Delhi was operated to record the UV-B radiation at 290nm 
wavelength during the solar eclipse of 16 February 1980. 

The optics and other details of the solar UV photometer has been described in 
RSD Scientific Report No 101 (Snvastava & Sharma, 1979). This UV photometer 
operates at wavelengths 280 ± lnm, 290 ± lnm and 310 ± lnm using interference 
filters and a wide band UG-11 coloured glass filter The photometer during pre-eclipse 
and post-eclipse days was operated at 290nm filter in the sun-tracking mode. The 
output of the photo multiplier tube was fed into a photon counting system and from 
the rate meter a signal proportionate to the count rate was recorded on a strip chart 
recorder On the same sun-tracking system a standard NASA solar cell sensitive m 
the region 330nm to 1 2 micron was mounted to record the visible radiation Due to 
Westerly disturbances during February 1980, weather condition was not good several 
days before and after the eclipse In this disturbed weather condition it was difficult 
to take a control day data of a clear day for the comparison. On 16 February 1980, 
the atmosphere was hazy and cloudy. During the eclipse period moving patches of 
clouds passed through the field of view of the solar UV photometer 

Results 

Relative strength of intensity of UV-B radiation at 290nm on the eclipse day and of a 
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control day are presented in Fig. 1 UV intensity at 290nm is given for the eclipse 
day and two control days, 18 and 19 February 1980. The dotted line in the figure 
gives the haze a normalized variation for 18 February 1980 A simple normalization 
factor has been taken by determining the relative intensity ratio during forenoon 
hours of 16 and 18 February 1980 From this figure, it is clear that the fall in UV-B 
radiation during eclipse was steeper compared to the control day data which was 



Fio L Solar UV-B radiation relative record at 290±lnm of 16, 18 and 19 February 1980 taken 
at NPL, New Delhi. 


unexpected. In Fig. 2, records of the NASA solar cell which was kept m operation on 
the same sun-tracking mode for visible radiation for 16 February (eclipse day) and 
18 February (control day) are presented The fall in visible radiation on 16 February 
1980 dunng the eclipse in comparison to the 18 February control day values is nearly 
proportional to the coverage of solar disc by the moon shadow In Fig 3, the UV-B 
radiation at 290nm and the output of solar cell for visible region are plotted. Both 
have been normalized to 100 at 1400hr to compare the fall m UV-B radiation and 
visible radiation dunng the eclipse period. 

Discussion 

From the observation of 290nm wavelength radiation during the eclipse, it appears 
that the decrease in UV-B radiation was proportionately more than the observation 
This can be attnbuted to an enhancement of ozone which is unlikely The observation 
of total ozone content by the India Meteorological Department Group (pnvate 
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Fig. 2. Output record of a standard NASA solar cell for 16 and 18 February 1980. 

communication) shows a large variation in ozone content from IS February 1980 to 
19 February 1980 thereby a suitable control day observation cannot be taken as a 
normal standard curve. Also due to the Westerly disturbances the fluctuations m 
ozone and wind pattern makes observation less reliable. The 290 ± lnm wavelength 
region is strongly sensitive to small variation in total ozone content and spatial 
distribution The eclipse took place when the solar zenith angle was increasing and 
the effect of scattered component was becoming more predominant in the obser¬ 
vations The scattered component mainly depends on the weather condition, tur- 



Fig 3 Nor malized relative intensity of UV-B radiation and of visible radiation of the solar 
eclipse day. 
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bidity and wind pattern Thus, the inclement weather conditions created greater 
uncertainty in the total radiation recorded at the ground by the solar UV photometer. 
However, the sudden fall in UV-B radiation before eclipse may be due to obscurity 
of an intense solar UV-B radiation spot in chromosphere by the moon shadow. This 
assumption could not be verified after the III contact by observing any fast enhance¬ 
ment in UV-B radiation because no observation was recorded during this phase of 
eclipse due to clouds. The present observation of UV-B radiation supports the idea 
that in the short span of a solar eclipse there is very little possibility m decrease of 
ozone content and any enhancement m UV-B radiation. 
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ATMOSPHERIC OZONE AND SOLAR ECLIPSE 
S. Devanarayanan and K. Mohanakumar 

Department of Physics, University of Kerala, Kariavattom, 

Trivandrum-695 581, India 

(Received 22 February 1982) 

Effect (if 16 February 1980 solar eclipse on the vertical distribution of ozone in 
the lower atmosphere over Trivandrum (8°N, 77°E) was studied. It was found 
that at 24km altitude, ozone partial pressure during the eclipse was 173 micro- 
milkbars as against the pre-eclipse value of 150 micromilhbars at Gadag (15°25'N) 

Keywords: Ozone Profile; Lower Atmosphere; Partial Pressure; Photochemical 
Reaction; Solar Edipse 

Introduction 

The balloon borne ozonesonde data recorded at Trivandrum (8°28'N, 76°57'E) 
during the solar eclipse on 16 February 1980 have been presented. Mark II version of 
the Indian ozonesonde was used for this purpose It had a non-reactive sampling 
airpump and the reaction of ozone with potassium iodide solution took place in the 
sensor using the Brewer wet chemical cell to detect ozone (Sreedharan, 1971). For 
the study, special soundings were conducted by the India Meteorological Department 
(IMD) on the eclipse day (February 16) and two control days (February 15 & 17) 
at this station. Unfortunately, the ozonesonde ascents on the control days were 
found to be defective, and, therefore, reliable data were obtained only on the eclipse 
day at Trivandrum when the obscunty was 46 per cent The IMD had also conducted 
similar sounding at Gadag (15°25'N, 75°38'E) and reliable data were obtained only 
from the sounding at 12 40hr 1ST, on 15 February 1980. The data used by the present 
authors have been the corrected ones with reference to standard measurements with 
the IMD, and the overall accuracy was estimated by the IMD at ± 10 per cent. 

The ozone profile with respect to altitude at the tune of 46 per cent obscunty 
for Trivandrum is as shown m Fig 1 (continuous line) In the absence of the ozone 
profile of the control day there is no possibility to study the effect of the eclipse on the 
distribution of ozone. On the other hand, it is well known that there is no noticeable 
difference among the ozonagrams of equatorial tropical and near-equatorial tropical 
stations. So it may be considered that the ozone profiles over Gadag and Trivandrum 
are virtually the same, neglecting the small latitude effect. Ozone profiles taken m 
the previous years endorse this view (Sreedharan, 1975). The dotted curve in Fig. 1 
represents the zone distribution over Gadag. 



136 


S. DEVANARAYANAN AND K. MOHANAKUMAR 


Results and Discussion 

It appears from Fig. 1 that the eclipse may have affected the vertical distribution of 
ozone at different altitudes. Below the tropopause the ozone concentration on the 
eclipse day was lower. But above the tropopause upto 29km altitude, the ozone 
concentration was higher than that of normal day profiles The maximum ozone 
concentration of 173/unbs was observed at 24km during the eclipse time; and this 
amount is more than the normal days by 15 per cent 



Fio. 1 Vertical distribution of ozone over Trivandrum on 16 February 1980 (continuous line) 
and Oadag on IS February 1980 (dotted line) 

From a detailed study of the vertical distribution of ozone over Trivandrum, 
Sreedharan et al (1976) arrived at the conclusion that the seasonal variation of 
ozone concentration at this station is small and the partial pressure of ozone does not 
exceed 160^mbs. Investigations of ozone in the upper atmosphere over Trivandrum 
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showed that the contribution to the higher total ozone is from the layers above 28km, 
where photochemical reaction takes place Ozone is an optically active gas, which 
absorbs and emits terrestrial 1R radiation in the 8-10/*m region and strongly absorbs 
solar radiation m the UV region. Hence, a change in ozone concentration resulted 
from the eclipse would have perturbed the radiative energy budget of the earth* 
atmosphere system; possibly paving the way to perturb the climate. 

Hunt (1965) has shown theoretically that an eclipse does not affect the ozono- 
sphere below 45km. Further, the time of half restoration for any departure from 
photochemical equilibrium is of the order of months for the layers of stratosphere 
(Stranz, 1961). But the present study of the equatorial stratosphere gives some indi¬ 
cation of a possible increase during the eclipse of the maximum ozone concent¬ 
ration. 
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OZONE CONCENTRATION MEASUREMENTS NEAR THE GROUND 
AT RAICHUR DURING THE TOTAL SOLAR ECLIPSE OF 1980 
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Continuous recording of surface ozone was made at two levels, 15m and 15m 
above the ground at Raichur (77°21'E, 161°2'N) during the total solar eclipse on 
16 February 1980, the station being situated in the path of totality of the eclipse 
The ozone concentrations ware recorded for five days from 14 February to 18 
February 1980, i e, two days before and two days after the total solar eclipse. 
Simultaneous recordings of wind and temperature at both these levels were also 
made. The results of continuous measurements of ozone concentration at the two 
levels near the ground are discussed. 

Keywords: Ozone—Surface, Concentrations of; Radiation Flux 

Introduction 

The total solar eclipse observed in India on 16 February 1980 had its path of totality 
sweep over the southern peninsula from the west coast to east coast and the period 
of totality was almost the longest at Raichur being 2m/43 sec This gave a rare op¬ 
portunity to study the short term effects on ozone concentrations near the ground, 
due to sudden change in the radiation fluxes and almost total absence of ozone 
producing ultraviolet radiation during the period of totality. 

Instrumentation and Experimentation Set-Up 

The sensor used in this experiment is an electrochemical type based on the well-known 
principle of reduction of Potassium Iodide (KI) solution. The sensor assembly is simi¬ 
lar to the one described by Sreedharan (1973) and consists of a bubbler reservoir, 
reciprocating piston pump for drawing the atmospheric air through the bubbler, 
an amplifier to convert the sensor current level and a chart recorder The instrument 
gives a continuous recording of surface ozone. 

The campus of the Agricultural Research Institute at Raichur was selected for the 
experiment Two sensors were installed, one at a height of 1 5m above the ground 
level and the other at a height of 15m above the ground level on top of a collapsible 
tower of light weight tubular frame structure Other sensors for recording wind and 
temperature were also installed at these levels on specially designed booms and 
attached to the main frame of the tower ensuring that no sensor was shadowed by 
any other instrument. 
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Results 

Fig. 1 shows the hourly values of ozone concentration in gm/metre 8 plotted for all 
days from 14 to 18 February 1980 for both the levels Dotted line shows the values 
at 1 5m level and full line, the values at 15m level 

It is seen from the records that the hourly values of ozone concentration at 1.5m 
level near the ground show a gradual increase day after day from about 20gm/m* 
on 14 February 1980 to around 50gm/m s on 18 February. The ozone values at the 
higher level at 15m from the ground, on the other hand, are generally stable and 
consistent being around 60 to 70gm/m 3 on all the days. The gradual increase m the 
ozone values at the ground level day after day can be attributed to two factors. Either 
the instrument at the ground might have developed some trouble or die site of experi¬ 
ment bemg Agricultural Research Institute, the adjacent experimental farms using 
large amounts of agricultural chemicals gave rise to other pollutants in the air that 
reacted with the KI solution m the sensor showing gradual increase in ozone concen¬ 
tration, as the days passed 

It may be mentioned that since the sensor used in this experiment is based on 
electrochemical principle of reduction of KI solution, it would also react to the 
presence of other oxidants in the atmosphere (other than ozone) Since the obser¬ 
vations are made in the vicinity of the agricultural farms, the measurements of ozone 
near ground level, were considered not quite reliable due to possible influence of 
other oxidants on the sensor. 

The 15m level ozone values which were more steady throughout the period 
from 14 to 18 February, are thus considered for studying the effects of total solar 
eclipse on the surface ozone concentrations It can be seen that on all days the ozone 
values exhibit the typical daily variation with a minimum at about 0700hr 1ST and 
a maximum at about 1500hr 1ST All the days are characterised by a secondary 
minima around 2000hr 1ST coinciding with a minima in the wind speed. This dip 
in ozone concentration is seen to be more pronounced on the day of eclipse. On all 
days except on 16 February the dip in concentration is of the order of 10gm/m s at 
this level, whereas on the day of eclipse this decrease was observed to be of the order 
of 30gm/m 8 Also there seems to be no significant change in the ozone concentration 
during the entire period of the eclipse, nor even during totality 

Discussion 

It is typical of land stations to have an ozone minimum early morning invariably 
associated with low wind activity as a result of m-situ destruction of ozone under 
near stable conditions of the atmosphere As the day progresses, the increased mixing 
gives rise to observed increased maxima around early afternoon Fig 2 gives simul¬ 
taneous records of wind speed, air temperature and ozone concentrations at 15m 
level above the ground It would be seen that the air temperature on all the days 
m the afternoon generally has shown similar variations, with gradual decrease from 
around 1700hr and more or less afternoon maxima of about 30-32 °C On 16 Feb¬ 
ruary, however, there is a marked decrease from the time of the first contact til the 
second/third contact and a gradual increase thereafter, before the afternoon fall 
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Fig. 1. Hourly values of ozone concentration 
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Legend _OZONE,.TEMPERATURE,-WIND SPEED 

Fio. 2. Hourly values of ozone temperature and wind speed. 


WIND SPEED (Knots) 





142 


G. P. SRIVASTAVA et al 


mmmft nees The ozone vanations, however, during this period, though somewhat 
noticeable, are generally of the order of normal perturbations observed even on other 
days. 

The wind speed record, however, shows some very interesting co-relation with 
ozone vanations. As we know ozone concentrations are closely related to wind 
speed, with larger winds giving nse to better mixing and hence higher values of 
concentrations. Both the morning and evening minima observed around 0700hr and 
2000hr 1ST on all days can thus be attributed to drop in wind activity at these hours. 
The records, however, clearly show a definite time lag, with ozone concentration 
decrease occurring around 30 minutes to 1 hour after the fall m wind speed. 

The evening minima on the eclipse day, is, however, significant with con¬ 
centration decreasing to almost one third of the values normally obtained 
on days pnor or after the eclipse A companson with wind records at these hours 
for all days shows the wind speed to be considerably lower throughout the period 
on 16 February having dropped down to nearly zero at 1900hr compared to generally 
5 to 7 knots on all other days The observed very low ozone concentrations, at these 
hours on 16 February obviously thus resulted from low wind activity. The time lag of 
about one hour between ozone and wind minima is also very clearly noticed 

This trend is also clearly observed on the 1 5m level recorder, even though we 
may not be very sure of the absolute values (as mentioned earlier). 

It is generally believed that there will be reduction m ozone during the period of 
the solar eclipse due to near absence of sun light However, this is not borne out 
by our observations as shown in Fig 2 In fact, the total ozone content as recorded 
by Dobson spectrophotometer at Gadag—the second observational site in the path 
of totality of eclipse—and at Pune (85 per cent totality) did not show any recognis¬ 
able reduction during the eclipse penod It may also be mentioned that a slight 
increase in Dobson ozone values was observed by Yadav and Smha (1969) at Delhi 
during the eclipse on 20 May 1966 Thus we may conclude that the popular belief 
that ozone concentration decreased during solar eclipse is not substantiated. 
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C. K. Chandrasekharan, A. B. Sarkar and Kalipada Chatterjee* 

Instruments Divisions , India Meteorological Department , New Delhi & Pune , 

India 

(Received 31 March 1982) 

Results of radiation flux measurements at Gadag Oat. 15°25'N, long. 75°38'E) 
during the total solar eclipse of 16 February 1980 are presented Intensity at 
normal Incidence from a pyrheliometer mounted on a hehostat and also the 
global, diffuse and net radiation were recorded on a number of days before and 
after the total eclipse The normal intensity in various spectral bands was also 
continuously monitored on the day of the eclipse at Gadag 
Whereas the diffuse radiation showed a minimum value a few minutes before the 
totality, the minima of direct, global and net radiation occurred a few minutes 
after the totality. 

Radiative fluxes were also measured by sending radiometersondes with balloons 
during the period 15-17 February 1980 from Gadag. These results have also 
been analysed and presented m the paper. 

Keywords: Radiation—Solar & Earth; Radiometersonde 

Introduction 

Special measurements of various components of solar radiation were organised 
at Gadag (15°25'N, 75°38 , E, 655m) located 12 6km north of the central path of 
totality of the total solar eclipse of 16 February 1980. The components measured 
were (z) global solar radiation (zz) diffuse solar radiation (m) direct solar radiation 
and (zv) net radiation In addition to these instantaneous measurements of the direct 
solar radiation m different spectral ranges and the vertical profile of terrestrial radia¬ 
tion twice m a day were also made The following are the details of the instruments 
used 


Instrument used 


Parameter 

1 Direct solar radiation 


2 Global solar radiation 

3 Diffuse solar radiation 


Eppley normal incidence 
pyrheliometer mounted on 
a hehostat 

Thermopile pyranometer 
Thermopile pyranometer 
with Schuepp model 
shading ring 


Auxiliary equipment 

Honeywell 4 point potentio- 
metnc recorder. 

-do- 

-do- 


"TMD, New Delhi 
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4. 

Net radiation 

Funk type net pyrradio¬ 

-do- 



meter 


5. 

Direct solar radiation 

Eppley normal incidence 

Cambndge Vernier 



pyrhehometer with OG1, 

potentiometer 



RG2 and RG8 filters 


6. 

Upper air terrestrial 

Soumi-kuhn radiometer- 

401 MHz ground equip¬ 


radiation 

sonde 

ment 


The measurements were made m the campus of Jagadguru Tontadarya College The 
raH fatmn sensors were installed on the roof of the Science Laboratories and the 
recorder kept inside the Laboratory below. The net pyrradiometer was installed m the 
spacious playground of the college. Care was taken that there were no major obstruc¬ 
tions cutting off a sizeable sky portion and that no shadow was being cast on the 
instruments. Measurements were made on two days prior to and two days later than 
die eclipse day, viz., 16 February 1980. 


Results 


Direct Solar Radiation 

The direct solar radiation measurements made were used to compute the trans¬ 
mission coefficients for the five days of observations. The mean coefficient obtained 
for 16 February was used to calculate the direct solar radiation dunng the eclipse 
period utilising the observation data received from Calcutta Necessary corrections 
have been applied for the water vapour absorption, ozone absorptions and the 
atmospheric turbidity. It was generally noticed that the observed values were always 
less than calculated values. The sky was generally clear but there were always some 
changes in the sky brightness probably due to the presence by the invisible cloud 
particulates The variations in the direct solar radiation were thus not smooth as can 
be seen from Fig. 1. 

Fig. 2 gives the spectral distribution of direct solar radiation in the different 
wavelength ranges viz. 

7t from 300 to 4000nm 
J 8 from 710 to 2700nm 
J,-/i from 300 to 525nm 
Irh from 630 to 710 nm 
If It from 300 to 710nm. 

Data for 15 February 1980 are not included because of the cloudy sky condition A 
study of the spectral distribution shows that there was a small decrease in the blue 
wavelength just after the first contact This was however, a temporary one as shortly 
afterwards the blue wavelengths showed a sudden spurt of more than 20W/m 2 
whereas there was a general decrease in all other regions The decreasing tendency 
was later on picked up and this continued till 1456hr L A T. when there was a sudden 
increase giving nse to the darkening of the zenith sky This may be perhaps due to 
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the light scattering by very small particles at very high altitudes. This shift of the 
colour to blue was indeed very dramatic at Qa.da g 




Fio 2 Spectral distribution of solar radiation at Gadag. 
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Global Solar Radiation 

Global solar radiation also showed a slight increase after the 1st contact (Fig. 3a) 
and then it started to decrease as the sun started getting more and more obscured. 
During the period of totality the value recorded was zero. The values shown in Fig. 3a 
do not indicate zero and the values plotted are the totals for ten minutes intervals. 

Diffuse Solar Radiation 

Here also there was a small increase in the radiation after the 1st contact (Fig 3ft) 
which may be ascribed to the more scattering due to dust particles. 



Fiq 3 Radiation parameters with and without the effect of eclipse at Oadag. 


Fig. 3(d) shows the variation of direct solar radiation on the three successive 
days 15, 16 and 17 February. 15th was unfortunately cloudy and 17th showed a lot 
of variations due to changing atmospheric conditions though the sky was free from 
doud masses A slight increase just before the commencement of the eclipse was 
noticed. This continued for about eleven minutes. The values of direct solar radiation 
were 40, 20 and 1.5 per cent of the value before the commencement of the eclipse, 
corresponding to the observation rates of 50, 75 and 90 per cent, before the totality 
The corresponding values after the 3rd contact were 55, 25 and 8.1 per cent respec- 
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tively It was noticed that the restoration of the direct solar radiation was foster 
than the decreasing rates. 

Comparative Study of Global and Diffuse Radiation 

A comparative study (Fig. 4) shows that the rate of decrease before the totality 
and the rate of increase after that was less for diffuse radiation than that for global 
radiation However, the rate of decrease was more than the rate of increase But the 
rate of increase in global radiation was much more than that for diffuse radiation. 
The rate of decrease in global and diffuse radiation was slower upto 50 per cent of 
obscuration—slower than the rate of obscuration The withdrawal rate was slower 
upto 50 per cent of obscuration than the rate of increase in the radiation values. 


(«) (») 



Fig 4 Percentage variation of global and diffuse radiation with progress of the eclipse (w.r t. 
values on 17 Feburary 1980) 

Net Radiation 

The net radiation became zero at 1442hr L A T. when the obscuration was 73 
per cent Fig 3(c) It reached a maximum negative value of 4 6MJ/m 2 at the time of 
3rd contact The net radiation remained negative upto 1523hr L A T (with 55 per cent 
obscuration) Thus there had been a delay of above five minutes before the negative 
value was derived out and the net radiation could become positive This can be easily 
explained when the low albedo and high emissivity of the local black cotton soil is 
taken into account The fall in surface (top soil) temperature during the eclipse was 
about 20 °C 

Vertical Profile of Terrestrial Radiation 

Every day there were two radiometersonde ascents on 15, 16 and 17 February— 
one at 0430hr 1ST and the other around 2100hr or after One special ascent was also 
taken at 1528hr 1ST on 16 2 80, few minutes before totality The balloon was already 
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near the 500mbs level at the time of 2nd contact. The value as measured at about 
this tune are given below: 


Time 

1ST 

Pressure level 
mb. 

Upward 

Terrestrial radiation 
Downward 

Net 

1540.2 

550 

397.6 

245.5 

152.5 

1542.5 

500 

376 1 

219.7 

156.4 

1544.5 

450 

367.9 

181.0 

186.9 


These values are subject to errors due to exposure of the radiation sensors to Sun’s 
rays before the SecondJ contact. 

Fig. 5 gives the vertical profile of the terrestrial radiation parameters for both 
morning and evening radiometersonde ascents. It is seen that there are not much 
large variations in the different parameters due to the eclipse. However, it is seen that 
the upward and downward terrestrial radiations were considerably lower on the 
night of 16-2-80, even after taking into account the slight delay m taking ascent. 
But by 17th night the normal pattern as given on 15th night was reached This lowering 



—o-UPWARD RADIATIONj~*-o~DOWNWARD RADIATION, 
NET RADIATION 

Fig S Upper air terrestrial radiation parameters. 
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of the values is not so much clearly seen from the 17th morning ascent as the upper 
levels beyond 600mb had already been restored to the normal values. 
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Special measurements of various components of solar radiation were organised 
at Gadag (15°25'N, 75°38'E, 655m) and Raichur (16°12'N, 77°21'E, 401m) 
located 12 6km and 9km both north of the central path of totality of the total 
solar eclipse of 16 February 1980 Continuous recordings of direct, global and 
diffuse solar radiation and net radiation were made at Gadag besides the 
measurement of duration of sunshine. At Raichur, global ultraviolet and reflected 
solar radiation were in addition measured Continuous records of global and 
diffuse radiation were also made in all the 15 network stations equipped with 
these instruments and 8 more stations made only global solar radiation The 
magnitude of the eclipse was between 60 and 99 per cent in those locations 

Keywords: Radiation Flux; Solar Radiation Pyranometers 


Instrumentation 


Exposure 

At Raichur, the measurements were made at the Regional Agricultural Research 
Station The sensors were installed on the terrace of the Agricultural Engineering 
Institute and the recorders kept in the laboratory just below The reflected solar 
radiation pyranometer and the net pyrradiometer were installed on the playground 
adjoining the Institute. At Gadag the instruments were installed at the roof of the 
J T. College Building At other stations these were located at respective meteorological 
stations 


Instruments used for Various Measurements 


Direct solar radiation 

Global, Diffuse and 
Reflected solar radiation 
Global ultraviolet radiation 
Net radiation 


Kipp & Zonen Moll thermopile pyrhelio- 
meter mounted on a heliostat 

Moll-Gorczynski pyranometers 
Eppley global ultraviolet radiometer 
IMD net pyrradiometer (Funk type) 


Besides these, instantaneous measurements of direct solar radiation in different 
spectral ranges were also made Linke-Feussner pyrheliometer was used for this 
purpose at Raichur. Portable vernier potentiometers were used to read out the outputs 
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Continuous records were obtained on potentiometenc recorders. A sunphotometer 
with interference filters at four wavelengths was also used to measure direct solar 
radiation. 


Results 


Direct Solar Radiation 

The mean transmission coefficient obtained from the pyrhehometnc measure¬ 
ments was used to compute the expected values of direct solar radiation on 16 Febru¬ 
ary. Allowances were made for the effect of water vapour and ozone contents of the 
atmosphere. The progress of obscuration obtained from Director, Positional Astro- 
ntomy Centre, Calcutta was used to calculate the expected values during the eclipse 
The observed values were always lower than the computed ones both at Raichur 
and Gadag The departures were more fluctuating at Gadag than those at Raichur 
The departures were more near the totality penod perhaps due to the time constants 
and other inherent instrumental factors The departure is of the order of 80 per cent 
before the totality and it increased to 90 per cent after the event (Fig. 1). 



A slight increase in direct radiation was noticed at Gadag (Fig 2) just before 
the commencement of the eclipse and it continued for about eleven minutes The 
decrease in the intensities generally correspond to the rate of obscuration or magni¬ 
tude of the eclipse at different stages of the eclipse. At Raichur, the values were 45, 25 
and 6 6 per cents of the value at the time of first contact, the corresponding obscura¬ 
tion values were 50, 75 and 90 per cent before the totality The values for the corres¬ 
ponding obscurations after the totality were 60, 29 and 11 per cent of the values after 
the eclipse. The corresponding values for Gadag were 40, 20 and 1 5 per cents before 
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totality and 55, 25 and 8 1 per cent after that The restoration of the direct solar 
radiation is faster than the rate of decrease of the value 



Fig 2 . Spectral distribution of direct solar radiation at Gadag & Raichur 


The Red/Blue ratio initially showed a tendency to increase (Fig 3) but started 
decreasing as the eclipse progresses till about 1456hr L.A.T The percentage of radia¬ 
tion in blue wavelengths decreased with the commencement of the eclipse perhaps 
leading to the more yellowish tinge The decreasing tendency continued upto about 
1456b LAT. and then it abruptly increased. Thus the colour started becoming 
bluer giving rise to the darkening of the zenith sky This may be due to the fact that 
the scattered light emanates from the high altitudes where dust loading is small and 
the Rayleigh scattering dominates Thus the sky colour, can and does, shift to the 
blue during the totality The percentage of radiation in the red wavelengths decreases 
from 1415hr LAT onwards and reaches a very low value near about the 2nd contact 
This shift of the colour toward the blue would become more dramatic when the lower 
atmosphere contains more dust as had happened at Gadag 

Global Solar Radiation 

Global solar radiation started to decrease along with the progress of the eclipse 
at most of the stations except at Gadag, Hyderabad and Visakhapatnam where it 
increased slightly after the commencement of the eclipse and later it followed the 
progress of the eclipse. The locations represented in the diagram are located just 
outside the path of totality The rate of decrease of radiation was generally smooth 
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TIME L.A.T 

-16FEB 1980 -17FEB I960 

Fio 3 Variation in spectral distribution of direct solar radiation 

initially perhaps due to the higher percentage contribution of the diffuse radiation. 
The recovery m the global radiation after the maximum did not have the same slope 
perhaps due to the decreasing altitude of the sun as well. The lowest values recorded 
generally coincided with the peak value of magnitude The maximum values of global 
radiation were recorded not at or after the fourth contact but slightly earlier Pune 
recorded this as early as 19 minutes. It was 9 and 7 minutes for Raichur and Gadag 
whereas it was hardly a minute for Hyderabad (Fig 4) 

Global and Diffuse Solar Radiation 

A study of the global and diffuse radiation values shows (Fig 5) that the diffuse 
values at Raichur were always lower than those at Gadag and that global radiation 
was always more than those at Gadag Pune records showed that the global radiation 
at the maximum (91 per cent) was also 91 per cent of the pre-eclipse values (102 OkJ/m 1 ) 
On the other hand diffuse radiation became almost zero Like Gadag, Visakhapatnam 
also registered a small increase of 2 7 per cent in global radiation Diffuse radiation 
was very uniform The global radiation is 99 per cent corresponding to the magnitude 
of the eclipse. The diffuse value however was 90 per cent only 




154 


V. DESIKAN et al 



TIME L.A.T. 


Fig 4 Global solar radiation on 16 February 1980 




TIME LAT 

Fig 5 Variation of global and diffuse radiation on 16 February 1980 
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A detailed study of the percentage of the global and diffuse radiation on 
16 February at Raichur and Gadag with reference to the values at the corresponding 
times on 17 February shows interesting results. (Fig. 6) 



Fio 6 Percentage variation of global and diffuse radiation with the progress of the eclipse (w.rt. 
volues on 17 February 1980) 

Raichur Gadag 


(1) Increase m G (Global) and D (Diffuse) 
was always more than the decreasing 
values before the eclipse They are 
of the order of 3 5 per cent 

(2) The rate of decrease and increase of 
diffuse radiation was more than that 
for global radiation 

(3) The rate of increase of diffuse radia¬ 
tion after totality was more than the 
rate of decrease before totality 

(4) The rate of decrease in G and D was 
faster than the rate of obscuration 
but the withdrawal was faster than 
the rate of increase in G and D 


(1) Increase was slower than the 
decrease of values before the 
eclipse 

(2) The rate was less for diffuse 
radiation than that for global 
radiation 

(3) The rate of decrease in diffuse 
radiation was more than the rate 
of increase 

(4) The rate of decrease was slower 
than the rate of obscuration till 
50 per cent is reached After this 
rate was more than the rate of 
obscuration Similarly the rate of 
increase was more than the with¬ 
drawal rate till 50 per cent was 
reached The withdrawal rate was 
then faster than the rate of increase 
in G and D. 
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(5) The rates of fall or rise in G and D 
were more or less of the same order. 
The rates for D were slightly more 
than those for G. 

(6) There was only a marginal increase 
in G (of the order of 1 per cent) 
before the time of first contact 


(5) The rates of fall were more or 
less the same for both G and D 
but the rate of increase for global 
were much more than those for 
diffuse 

(6) The increase was relatively more 
(3-5 per cent) in G before the first 
contact. 


Variations m Radiation Components at Raichur and Gadag 

Raichur —The direct solar radiation I was always ahead of the eclipse stages. 
They had already attained 45,24.5 and 6.6 per cent of the value (805 W m~ 2 ) obtained 
before the time of first contact as compared with the corresponding obscuration 
values of 50, 75 and 90 per cent. For the same rates of obscuration after the third 
contact, the corresponding first values were 60, 29 and 11 per cents. These variations 
were more m the case of global radiation the percentages being 40, 21 and 4.7 before 
the totality and 65, 31 and 11 after the totality respectively The rates were similar 
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for diffuse radiation except that they were much closer to the rates of obscuration, 
viz 47, 23 and 6 before the totality and 10, 27 and 56 after the totality. 

Ultraviolet radiation m the range 290-390nm also showed simil ar tendency. It was 
48, 30 and 6 per cent when the obscuration values were 50, 75 and 90 per cent but 
unlike other parameters it did not reach zero during totality The global ultraviolet 
radiation was 0.02 kJ/m 2 , about 1 6 per cent of the value before the first contact 
(11 0 kJ/m 2 ) During the withdrawal period however, the slope of the increase was 
rather very steep initially being 21 and 37 per cent for 90 and 75 per cent coverage. 
After this (75 per cent) this rate slowed down and it was only 47 per cent at 50 per cent 
obscuration 

Reflected solar radiation showed drastic decrease, 90 per cent even when the 
obscuration was only 50 per cent It became 4 6 per cent for 90 per cent coverage. 
A similar pattern was seen after the totality Net radiation reached zero from 9.3 kJ/m 2 
at the time of third contact. Net radiation remained negative upto 1537hr L.A T. 
(55 per cent obscuration). The delay in reaching zero and then becoming positive 
is to be attributed to the fall in the soil temperature (of the order of 20 °Q. 

The maximum in each of the parameters after the third contact was reached 
about 7 minutes earlier than the fourth contact except m the case of ultraviolet which 
attained maximum at the time of fourth contact (1619hr L.AT) The net radiation 
reached the maximum about 15 minutes prior to the fourth contact. 

Gadag —The rate of decrease for direct, global and diffuse solar radiation was 
more than the rate of increase when the obscuration became 90 per cent, the values 
of direct, global and diffuse radiation were 1 5, 10 and 1.6 per cent of the values at 
the time of first contact The values at the same coverage after the totality were 8.1, 
9 7 and 3.9 per cent 

Net radiation became zero at 1442hr L A.T. (73 per cent coverage) and attained 
a negative maximum of 4 6 kJ/m 2 at the time of third contact It became zero again 
at 1523hr L.A.T being quicker than that at Raichur. The lowest temperature of the 
soil recorded at Gadag is about 38 °C due to the eclipse and it was 32 °C at Raichur. 
This temperature difference may perhaps be the cause for the delayed zero at Raichur 

The maximum in direct, global and net radiation were reached 6-7 minutes 
prior to the time of fourth contact (161 lhr L AT) The diffuse radiation attained 
the maximum at 1615hr L A T only 

Direct Fluxes of Illumination 

The direct fluxes of illumination were computed using the pyrhehometnc data 
in different spectral regions by using the relationships given by A J Drummond and 
A Angstrom The formulae are 

P - 0 58 (1 + 0 235m + 1 19m(3) for OG1 filters 
= 0 39 (1 + 0 073m + 0 305m(3) for RG2 filters 
- 0 315 (1 f 0 032m) for RG8 filters 
where p «= luminous efficiency 
m ” the airmass and 
p — the Angstrom turbidity coefficient 

The direct fluxes of illumination E (in kiloluxes) in different spectral bands is then 
given by 
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E — 0.6812 W where W is the spectral value of intensity of direct radiation m 
the relevant hand and expressed in Watt per square metre 



Fig. S Direct fluxes of illumination in kilolux 


The values indicate that the rate of fall of intensities is more for RG2 wave¬ 
lengths than that for OG1 wavelengths After the totality the rates are more or less 
the same for both the wavelengths. The Gadag values indicate a faster decrease in 
RG2 wavelengths than those at Raichur, possibly due to the prevalent higher turbidity 
content of the atmosphere. 
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SJHADOW IMPRESSIONS OF 16 FEBRUARY 1980. TOTAL SOLAR 
ECLIPSE AJS VIEWED BY THE SCANNER OF A METEOROLOGICAL 
POLAR ORBITING SATELLITE* 

K R Rao and R K Gupta 
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Secunderabad-500 003, India 

(.Received 18 July 1981) 

Coinciding of TIROS-N 10 00 28-10 15 33 GMT pass over NRSA Earth 
Station at Shadnagar (17 03N, 78 18E), 55km south of Hyderabad, covering 
* Indian Mainland, Arabian Sea and Southern Bay of Bengal, with total solar - 
eclipse duration over Arabian Sea enabled planning and successful execution of 
the experiment The 10-bit Advanced Very High Resolution Radiometer 
(AVHRR) digital data received in 0 55-0 90 (Bl), 0.725-1 1 (B2), 3 55-3 93 (B3) 
and 10 5-11 5 (B4) iim bands was converted into enhanced imageries The bands 
1 and 2 imageries depicted shadow zones of varying intensity and the effect was 
more pronounced m Bl The enhanced imagenes for B3 and B4 did not have 
such modulations Using the data on solar eclipse visibility and other physical 
informations on soil etc, the authors have attempted an explanation to the 
observed variations m shadow intensity withm a zone and among different zones 
, of enhanced Bl imagery The explanation to the observed shadow geometry has 
also been attempted. To make the data useful for further studies, approximate 
computed values of scan time, latitude and longitude coordinates for shadow 
boundary discriminating points have also been included 

Keywords Total Solar Eclipse Shadows; Satellite Scanning; High Resolution 
Pictures 


Introduction 

By virtue of the location of National Remote Sensing Agency (NRSA) Earth Station 
(Fig 1) the TIROS-N 10 00 28-10 15 33 GMT pass of 16 February 1980 was m 
the microwave visibility of the Earth Station and this was coinciding with the Total 
Solar Eclipse event period Incidentally, the Earth Station, located at Shadnagar 
(1703N, 78 18E)—55km south of Hyderabad, was also lying in the Total Solar 
Eclipse path NRSA availed of this opportunity and successfully conducted an ex¬ 
periment to capture the Solar Eclipse shadow impressions in the visible band en¬ 
hanced imagery using the digital data of Advanced Very High Resolution Radio¬ 
meter (AVHRR) system on-board the TIROS-N 


♦Similar base analysis of the data has appeared in the "Remote Sensing of Environment . 
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Fig 1 Eclipse geometry for the duration of interest 


Sensing System and Data Processing Details 


NRSA Landsat Earth Station receives real-time digital data from TIROS-N senes 
of U S Polar Orbiting meteorological satellites in High Resolution Picture Trans¬ 
mission (HRPT) format and processes the 10-bit AVHRR data to produce radio- 
metncally and geometrically corrected (for earth rotation, panoramic distortions 
etc) black and white imageries in the four AVHRR bands Table I depicts the spectral 
characteristics and instrument parameters of TIROS-N/AVHRR 

The AVHRR 10-bit data is resampled to 8-bit data using Look-UP Table (LUT) 
and the 0 to 225 count values of thus resampled 8-bit data are used to produce 17- 
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steps gray scales for Black and White imageries of the individual band data Channel 1 
is useful for day time surface and cloud mapping while the near IR channel (band 2) 
is good for discriminating water and soil masses Band 3 and Band 4 refer to thermal 
1R data 


Table I 

Spectral characteristics and instrument parameters of TIROS-N/A VHRR 


AVHRR 

CHI 

0 55-0 9t*m 


CH2 

0 725-1 lfJtm 


CH3 

3 55-3 93pm 


CH4 

10 5-11 5pm 


Cross track scan 
Line Rate 

Optical field of view 
Ground Resolution (IFOV)i 
Infrared Channel (NEaT) 2 
Visible channel S/N3 

(1) Instantaneous field of view 

(2) NEaT—N oise Equivalent differential 

(3) Signal to Noise Ratio 


db 55 4° from Nadir 
360 lines per minute 
1 3 milliradians 
1 1km at Nadir 
0 12K at 300K 
3 1 at 0 5 per cent albedo 

temperature 


CH5 

Data from CH4 re¬ 
peated. Kept for 
future growth 


HRPT Transmission 

Carrier Modulation Digital split phase, phase modulated 

Transmit Frequency 1707 0 MHz, RHC polarization 

EIRP (approx ) 39 0 dBm 

Transmit Power 5 watts 

Spectrum Bandwidth less than 3 MHz 

TIROS-N Satellite name standing for Television Infrared Operational Satellite-N Series 

AVHRR Advanced Very High Resolution Radiometer 

HRPT Data Transmission r 0 rmat standing for High Resolution Picture Transmission 


There are 2048 data pixels for a swath width of 3000 0591km With 1 1km (spatial 
resolution at sub-satellite point) data points we should have 2727 pixels and to affect 
geometric and panoramic correction the 2048 actual data pixels are resampled to 
2727 data pixels using either Nearest Neighbour (NN) or Cubic Convolution (CC) 
method The image format consists of 3600 pixels 248 square pixels (191 are actually 
needed) are kept reseived for applying earth rotation offset to the filmed data Thus 
we have a total number of 2975 pixels available for imaging the data and rotation 
offset As the film format consists of 3600 pixels we further scale the film by 1 2101210 
(3600/2975) Thus we have 3300 rescaled and resampled AVHRR data pixels per line 
To satisfy aspect ratio criteria a line lepeat ratio of 1 508633 1 is practised 

Data Description 

As the data obtained m AVHRR CHI and CH2 pet tains to the amount of solar radia¬ 
tion reflected by the upper boundary of various natural terrestnal surfaces, clouds etc , 
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the eclipse shadow impressions, and the variations of the reflectivity of the earth’s 
surface m and around the shadow impressions were observed in the enhanced im¬ 
ageries for bands 1 and 2 Unenhanced imageries for these bands were having very 
less brightness in general and few of the shadow zones were impressible even m 
these imageries Enhancement of the imageries in all the four bands was obtained by 
suitably adjusting the gain and bias controls and using a mapping algonthm corres¬ 
ponding to a saw tooth wave type As the phenomenon of totality of eclipse was only 
of a few minutes duration and because of the high thermal inertia of earth, these 
variations were not so much observable m the pictures for bands 3 and 4 As ex¬ 
pected, a general reduction m the emission intensity m the thermal 1R bands was 
observed Even enhancement of data in these IR bands did not give any shadow 
zones The shadow zones were more remarkably discriminative in band 1 enhanced 
imagery as compared to that for band 2 Fig 2 refers to the band 1 image In an 
overlay to Fig 2, approximate boundaries for few shadow levels over the oceanic region 
have been marked Approximate coast line of the Indian Continent have also been 
transferred to Fig 2 The figure also depicts fifty seven shadow boundary discrimi¬ 
nating points The time, latitude and longitude coordinates for these points have 
been computed to make the data useful for further studies (Table II). Points 39, 43, 
44 and 48 refer to points on the periphery of clouds. 



Fig 2 Picture in visible spectrum using TIROS-N AVHRR data for 100510-101221 GMT 


During this TIROS-N pass, the subsatellite point track moved from 10 24 S, 
81 88 E (10 00 28 GMT, 0 71° elevation) to 43 61 N, 67.79 E (10 15 53 GMT, 0 37° 
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elevation) The antenna elevation angle during the period of data presented in Fig. 2 
ranged between 27 23° to 1601° and had its maximum value of 69.92° at 10 07:58 
GMT (16 07 N, 75 78 E). Due to good elevation, the data is of subs tantially high 
quality. 


Table II 

Computed coordinates and time of scanning for the shadow boundary discriminating 
points located on the overlay for Fig 2. 


Point 

Identification 

No. 

Scan time 
in GMT 
(HH MM SS S) 

Coordinates of the point 

Lat. (N) 

Long. (E) 

a) 

(2) 

(3) 

(4) 

1 

10 05 54.2 

8.31 

75 52 

5 

10 06 21 2 

1011 

75.95 

10 

10 06 52.6 

13.76 

83.09 

15 

10 07 10.6 

1197 

69.50 

20 

10 07 36 

1492 

72.55 

25 

10 07 42 9 

17.18 

87.53 

30 

10 08 03 5 

16 02 

73.83 

35 

10 08 249 

17 24 

73.23 

40 

10.08 46.8 

2127 

87.74 

45 

10 09 28 2 

21 

72.52 

50 

10*10 00 2 

2018 

62.33 

55 

10:10 35 

2212 

61.52 


Table III (after Bhattacharyya, 1978) gives the data for the central line of 16 
February 1980 Total Solar Eclipse. 

Table HI 

Total Solar Eclipse of 16 February 1980 
Central Line 


Ephemens 

Time 

Latitude 

Ephemens 

Longitude 

Duration 

Width 
of path 

miles 

Altitude 
of the 
Sun 
(°) 

H M 

o 

(') 

o 

0 

M 

S 

10 00 

Nil 

47.0 

E 63 

33 0 

3 

10 0 

84 

48 

05 

13 

02 4 

70 

55 7 

3 

01 3 

82 

44 

10 

14 

23 3 

73 

351 

2 

519 

80 

40 

15 

15 

51 3 

76 

37 3 

2 

416 

78 

36 

20 

17 

28 8 

80 

12 7 

2 

30 2 

75 

31 

25 

19 

207 

84 

413 

2 

17 2 

72 

25 

10 30 

21 

39 0 

90 

54 6 

2 

01 3 

68 

18 
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From Table III, one could approximately infer that during the period of Fig. 2 
fata, the total solar eclipse was taking place between 13°N, 71°E and 15°N, 75°E 
Sun altitude dunng this period was between 44° and 36° The satellite speed and the 
eclipse path speed over the Indian west coast and the adjacent Arabian Sea could be 
approximated to 385km/min and 68km/min respectively and the ratio (say R) of 
ftiftgft works out to be 5.66—approximated as 5 7. The eclipse path was subtending 
an angle of 104.5° (measured westward) to sub-satellite point track It should be noted 
that the satellite picture is not a snap-shot i e, taken at an instant of time; it is a 
line-scan geneiated picture. Since the scanning is at 90° to subsatellite point track 
the angle between scan lines on the ground and the eclipse path works out to be 14 5° 
Fig. 1, drawn using the picture published by Fiala and Lukac (1978), depicts 
the eclipse map over the region of interest Though the legend states that GMT is 
used, the authors have written to treat this as Ephemens Time (ET) and therefore, 
while using Fig. 1 one has to subtract one minute from the depicted value to get the 
correct GMT. Since most of the areas of Fig 2 got covered dunng 095000-102000 
ET middle of eclipse time, the authors have marked cardinal points (A through F) 
in Fig. 1 and the first and last contact times alongwith the middle of eclipse tunes for 
these points have been presented in Table IV. The location of NRSA Landsat Earth 
Station has also been marked therein. In addition to this the closed curve corres¬ 
ponding to shadow zone defined in Fig 2 by points 30, 21, 16 and 20 has also been 
marked in Fig. 1 for the ease of comparison. 

Table IV 

Middle of eclipse, first and last contact times for few points marked in Fig 1 


Point 

Time for 

Time for middle of Eclipse 

Time for 

Identification 

first contact 

(as labelled m fig 1) 

last contact 

mark 

(HH MM:SS GMT) 

(HH MM SS GMT) (HH MM SS GMT) 

A 

08-25 45 

09 50 00 

11 14 15 

B 

08 39 00 

09 59 00 

11 19 00 

C 

08 47 45 

10 05 00 

11 22 15 

D 

08 54 00 

10 10 00 

11 24 00 

E 

09 02 50 

10 15 20 

11 27 50 

F 

09 08 08 

10 20 00 

11 29 32 


Discussion and Conclusions 

The picture at Fig 2 is the result of a complex inter-relationship of satellite dynamics, 
satellite scanning geometry, eclipse kinematics and eclipse geometry The analysis 
of such an image gets further complicated due to scanning of different areas at 
different times (Table II) In the following paragraphs, authors have attempted to 
provide a broad analysis of the picture presented at Fig 2 

The first noticeable point in Fig 2 is that the shadow appears to be more intense 
over sea surface compared to that over land area This intensity variation could be 
assigned to poor scattering properties of sea surface due to specular reflection as 
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compared to that over land areas where light is scattered because of surface irregu¬ 
larities 

In Fig 2, the shadow zones demarcated by points 5, 9, 15, 19, 23 and 31 (Zone 
I), 7, 12, 24 and 32 (Zone II) were scanned during 100620-100812 GMT while the 
middle of eclipse during this period was between points C and D (Fig. 1), one could 
easily understand the shadows to be more intense m Zone I as compared to those in 
Zone II With reference to data received m the field of view of satellite radiometers, 
the Gulf of Mexico is reported to have 9 per cent albedo while Pacific Ocean contributes 
only 7 per cent (Anderson et al , 1973) For this reason, authors feel that warmer bay of 
Bengal will reflect more in band 1 as compared to that from Arabian sea. Of course, 
this factor must have only slightly contnbuted to variations in shadow intensity over 
regions I and II. 

Barrett and Curtis (1976) have mentioned albedo values, in visible spectrum, of 
16-23 per cent for winter wheat, 17 per cent for deciduous forest, 14 per cent for moist 
ploughed fields, 8 per cent foi moist black soil and of 37 per cent for fine soil. The 
region 4 Y’ consists dominantly of alluvial and deltaic soils and is rich m forest and 
vegetation The arc ‘X’ could also be considered equally rich m vegetative coverage. 
In Fig 2, one finds that area ‘X’ had more shadow intensity compared to area ‘Y’ 
m contrast to albedo impressions observed on non-eclipse days In the light of above 
discussion, the observations could be explained by taking into consideration the 
increased eclipse magnitude over area ‘X’ as compared to that over area 4 Y’ by 
virtue of its nearness to total solar eclipse path. The area little far right of point 
53 refers to Rajasthan desert where near 37 per cent albedo could be expected and 
this happens to be much higher than the expected albedo of 7-9 per cent over 
Arabian Sea This accounts, within the same shadow zone, for the observed very 
much less shadow intensity over land area (right of point 53) compared to its 
counterpart over Arabian Sea In nearly 60 per cent of the land region right of 
points 30,35, 42, the podjolized soils with patches of black, mixed red and black soils, 
and shallow black soils are noticed Land surface further east of this area upto 
Indian east coast mainly consists of mixed red and yellow soils, and red soils In 
addition to the effect of different magnitudes of eclipse over these zones, the 
variations m albedo due to different types of soils should have substantially 
contributed to the observed finer shadow intensity variations over these two regions 

The authors have attempted to explain the geometry of shadow impressions by 
taking up an ideal case to visualize how a circular moving shadow would be registered 
by the scanner of a progressing satellite The width of total eclipse path over the 
ground could be approximated to 127km and this would have been scanned by the 
satellite m (127 x Sec (14 5°)X60)/385« ! 20 44 seconds As the ratio of satellite speed 
to eclipse speed (R) is 5 7, a circle drawn with a diameter of 20 44x5 7=* 116 5mm 
(it could be any unit of distance) with *C as centre (Fig 3) would depict the zone of 
shadow at zero reference time Taking into account the 104 5° angle between sub- 
satellite point and eclipse track, the line drawn to depict sub-satellite point track 
passing through ‘C cuts the lower semicircle segment of the drawn circle at point P 
which has been considered as the initial time position for scanner to visualize the 
impressions of scanning dynamics and moving eclipse shadow when the whole circular 
image has been scanned in 20 44 seconds. Now, if we move the circular shadow zone 
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at the rate of lmm/sec along its X-axis by drawing circles of 116 5mm diameter with 
centre (marked ‘C’ for initial zero leference time shadow) drifted by 1mm after every 
second and move the scanner path (which will be perpendicular to satellite subpoint 
track) by 5 7mm starting from zero reference time scan position P, the points of 
intersection of scanner path after a particular time interval with the shadow circle 
corresponding to the same time will give the limiting points for the intercepted por¬ 
tion of moving circular eclipse impressions at that instant Thus these limiting points 
could be obtained for 1, 2, 3 20 and 20.44 seconds A line drawn through 

these points of intersections depicts the shadow geometry as recorded by the scanner 
of the satellite and Fig 3 is a result of such an exercise It is seen that the boundary 
is nearly circular in shape at ‘ a ’ and ‘d\ elongated at ‘b’ and 'c', discontinuous at ‘e’ 
and ‘f’ because the scan line has moved out from the actual shadow zone This region 
( e-J ) can also be noticed in Fig 2 The step like structures (e g, between points 35 
and 42, 5 and 13) seen within a shadow zone (Fig 2) are due to sudden variation of 
reflectivity characteristics over coastal boundaries. The returns from the sea are less 
than that from the land Thus two contiguous points situated on either side of the 
coast (one on the sea and the other on the land) appear with different tones in the 
picture Taking note of this, the picture from the sea and contiguous part of the land 
can be combined into a single shadow boundary as appearing in Fig 2 The shape 
of this boundary compares very well with the computed shape shown in Fig 3 



Fig 3 Final shape of a moving circular shadow as scanned by a moving satellite. 

Looking within the shadow zone I, a geometric structure (encircled by points 
30, 21, 16 and 20 in Fig 2) somewhat similai to Fig 3 though of a little less shadow 
intensity was observed The data encompassed within this structure (say Zone III) 





Fig 4 Colour composite of visible—, near IR and thermal IR band images made using digital 
data obtained during 16 February 1980 total solar eclipse time (100510-101221 GMT) 
through TIROS-N/Advanced Very High Resolution Radiometer 
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was scanned during 100710-100803 GMT The closed curve passing through these 
points (on Indian west coast) depicts the area enclosed by these points. It could be 
seen that total solar eclipse path passes through the Zone III (Fig. 1) As per Fiala 
and Lukac (1978), the total solar eclipse touched the Indian west coast around 101000 
GMT With the suggested consideration of this time as ET (as mentioned earlier) 
the figure could be put as 100900 GMT. Therefore, the Zone III, except at its western 
boundary, could not be expected to observe the total solar eclipse as the s canni ng was 
during 100710-100803 GMT However, it could easily be considered that the central 
strip of Zone III was under near total solar eclipse condition while the region west 
of this zone was experiencing comparatively more pronounced total solar eclipse 
effect and this explains for the decrease of shadow intensity m Zone III compared to 
that of west of the zone. It is obvious to expect decrease m shadow intensity north 
and south of central total solar eclipse path strip m Zone HI 

Fig 4 refers to colour composite of Eclipse data using enhanced imageries in 
bands 1, 2 and 4 This gives a composite view of data taken m visible, near IR and 
thermal IR atmospheric window regions 
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CHANGES IN TIDAL CHARACTER DURING TOTAL SOLAR ECLIPSE 
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Hie changes in tidal character during total solar eclipse of 16 February 1980, 
for the three stations, Kandla (50 per cent eclipse), Bombay (90 per cent eclipse) 
and Karwar (100 per cent eclipse), have been investigated making use of super- 
posed-epoch and T/C ratio methods An increase in high tide of 2 days and a 
decrease in low tide 0 to 2 days have been observed after the phase of the new 
moon Karwar has exhibited maximum changes in tidal activity as compared to 
Kandla and Bombay The possible association of changes m tidal activity during 
the total solar eclipse would be the nearness of the moon to the earth and the 
secular acceleration of the moon and the sun 

Keywords: Tide; Phase of tbe New Moon; Solar Eclipse-1980 


Introduction 

The eclipse of 16 February 1980 has opened another opportunity to research workers 
for studies in the field of Solar-Terrestnal Physics and Meteorology (STP-M) Also, 
the study on tides during eclipse is important for better understanding of some of 
the gravitational laws with respect to sun, moon and earth. Many studies have been 
reported on the possible effects of solar eclipse on various parameters of the earth’s 
atmosphere, but the studies on tides are few. The authors have, therefore, undertaken 
the present study to examine changes in tidal character dunng the eclipse of 16 Feb¬ 
ruary 1980 


Tides 

The regular rise and fall of the sea, known as tide, can be observed on any shore 
The tides are caused principally due to combined gravitational forces of the sun and 
the moon on the earth When the sun and the moon are lined up with the earth, 
the tidal effects of the bodies reinforce each other and the tides are at their maximum 
height When the gravitational forces exerted by the sun and the moon on the earth 
are pulling at right angles to each other, they do not reinforce each other, and the 
tides become the weakest The tides follow generally the phase of the moon There 
are additional effects due to variable distances between the moon and the earth, 
as well as the more important effect of varying lunar and solar declination 



CHANGES IN TIDAL CHARACTER 


169 


Data 

The data considered in the present study pertain to tides (high and low) and 'M** 
of the phases of the new moon for the period 10 to 24 January; 9 to 23 February; 
9 to 23 March 1980. The dates of the phases of the new moon are 17 January, 
16 February and 16 March of which solar eclipse has occurred on 16 February 1980. 
The data were extracted from the Indian Tide Tables for the year 1980 published 
by the Surveyor General of India. The details of the stations and the details of the 
solar eclipse are given m Table I. A brief history, predictions and general remarks 
of tides are described m the above report of Indian Tide Tables. Table I also gives 
the TIC ratio values for high and low tides that have been calculated for TfanHln, 
Bombay and Karwar during January-March, 1980 The values of the tiH*i range 
are also provided 


Table I 

Details of the stations, eclipse and the TIC ratio for tides 
(high and low range) 


SI 

No 

Name 
of the 
Station 

Latitude 

Longitude 

Maximum 
eclipse in 
per¬ 
centage 

Date of the 
phases of new 
moon including 
eclipse 

(TIC) 

High 

(no 

Low 

Range 

1 - 

Kandla 

23° 01N 

70° 13'E 

50 

17 1.1980 

101 

071 

0.30 






1621980* 

101 

071 

0.30 






16.3 1980 

101 

071 

0.30 

2 . 

Bombay 

18° 55'N 

72° 5<yE 

90 

17.1.1980 

100 

072 

0.28 






16 2 1980* 

102 

0 50 

0.42 






16.3 1980 

100 

070 

0 30 

3 

Karwar 

14° 48'N 

74° 07'E 

100 

17 1 1980 

095 

066 

0.21 






16 2 1980* 

103 

044 

0.59 






163 1980 

098 

075 

0 23 


* the day on which solar eclipse occurred during the phase of the new moon 


Method of Analysis 

To find the height of the tide at any time, the method is used as given in the Indian 
Tide Tables The heights of the tides are then calculated at 1600hr for the period 
considered above and the values so obtained have been analysed by the superposed 
epoch method 

The variations in the amplitudes of the tidal wave are more in high and small 
in low tides 0 to 2 days following the dates of the phases of the new moon and it is 
difficult to bring out the changes in tides during the eclipse from this analysis For 
the evaluation of the changes in the tidal activity during the total solar eclipse, the 
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value of the tide on the day of new moon (Target, T) is compared to the average 
value of 4 days (Control, C) consisting of 2 days before and 2 days after the day of 
the new moon. The ratio values of TjC were computed and used m the study. If the 
value is >1, it is taken as increase in tidal activity, if it is <1, it is taken as decrease 
and if it is =1, it is taken as zero change The T/C ratio method is widely used m the 
evaluation of weather modification experiments (Brier, 1974) 

Results 


Superposed-Epoch Method 

The values of tides (high and low separately) for the three stations, Kandla, 
Bombay and Karwar, for the period (a) 10-24 January 1980 (17-1-1980: phase of the 
new moon), ( b ) 9-23 February 1980 (16-2-1980 phase of the new moon and the 
day on which solar eclipse occurred), (c) 9-23 March 1980 (16-3-1980. phase of the 
new moon) have been analysed by a superposed-epoch method considering even 
days before and seven days after the dates of the phases of the new moon (17 January, 
16 February and 16 March dunng which total solar eclipse occurred on 16 February). 

The values obtained by this method are shown in Figs 1, 2 and 3 for the above 
three stations respectively It is noticed from the figures that generally all the three 
stations have exhibited an increase in high tide, 2 days after the phase of the new 
moon. The increase is significant at 99 per cent level They have also exhibited a dec¬ 
rease in low tide 0 to 2 days after the phase of the new moon The decrease is signifi¬ 
cant at 99 per cent level Similar features are noticed even dunng totality 

From Table I it is noticed that Kandla has exhibited no change in tidal activity; 
but, Bombay has exhibited a small increase by 2 per cent in high tide and decrease 
by 29 per cent in low tide and an increase in the tidal range by 40 per cent dunng 
eclipse when compared to the other months. Karwar has exhibited an increase m 
high tide by 8 per cent and decrease in low tide by 35 per cent and increase in tidal 
range by 190 per cent dunng eclipse penod when compared to the other months 
It is also seen that the changes are more m low tide than m high tide dunng eclipse 
penod. Also, Karwar, which is low in tidal activity as compared to Kandla and 
Bombay, has exhibited almost three times more variation in the tidal range than the 
other two months dunng totality 


Discussion 

The moon rarely plays an important part in the affairs of the earth, but in its influence 
on the tidal phenomena of the oceans and seas it is of fundamental importance 
It is well known that the gravitational forces of the earth, moon and sun on one 
another is the basic cause of the tides The movements of these bodies are complex, 
but regular and well known, which enable the tides to be predicted with some accuracy 
According to McLellan (1965), the equilibrium tide due to the moon is 35 4cm at the 
maxima and - 17 7cm at the minima; and due to the sun it is 16 2cmand - 8 2cm 
Nevertheless, other factois are also involved which are not so well understood; the 
response of the oceans and seas to the tide producing forces has, m the past, given 
rise to a number of different theories to account for the observed tidal phenomena, 
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while unusual meteorological conditions can cause considerable differences between 
the predicted and actual tidal conditions. 

The statistical method (superposed-epoch) used in the present study does not 
clearly depict the real tide character as seen from the Figs. 1, 2 and 3 However, an 
increase m high tide of 2 days and a decrease jn low tide 0 to 2 days after total solar 
eclipse are'found to be significant at 99 per cent leveHfccdrding^to students As it is 
difficult to bring out the changes in tidal character from the analysis ofsuperposed- 
epoch method, the authors have designed T/C’ ratio method for the evaluation of 
the changes in tidal character This method depicts better the changes in tidal character 
for the stations Bombay and Karwar after the total sojar-edipse - (Table I). The 
observed changes in tidal activity of the present study, 0 to 2 days after the phase 
of the new moon require explanation During times of new and full moon (actually 
1 or 2 days later because the tidal bulges are not aligned with the moon), the tidal 



Fiq 1 Superposed-epoch analysis of tides (high and low) for Kandla seven days before and after 
the date of phase of the new moon (a) 10-24 January 1980 (17-1-1980 phase of the new 
moon), (&) 9-23 February 1980 (16-2-1980 phase of the new moon and the day on which 
solar eclipse occurred), (c) 9-23 March 1980 (16-3-1980 phase of the new moon) 
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Fig. 2. Supcrposed-epoch analysis of tides (high and low) for Bombay seven days before and after 
the date of phase of the new moon: (a) 10-24 January 1980 (17-1-1980 phase of the new 
moon); (b) 9-23 February 1980 (16-2-1980: phase of the new moon and the day on which 
solar eclipse occurred), (c) 9-23 March 1980 (16-3-1980: phase of the new moon) 

effects of the moon and the sun reinforce each other and cause exceptionally great 
tides (Ordway, 1966) The observed changes m tidal activity during totality can be 
attributed to the force of gravitational attraction between the earth and the moon 
and it is well known that during totality, the moon is closer to the earth Although 
this phenomenon is well established, an opportunity has arisen to further verify such 
relationships during the present eclipse The force of gravitational coupling between 
the earth and the moon is G ME/R 2 , where G“the gravitational constant, AT = mass 
of the moon, E « mass of the earth and R is distance between the centres. The 
average gravitational attraction, which is equal to the centrifugal acceleration, is then 
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proportional to ME/R\ since the gravitational attraction is proportional to the mass 
and inversely proportional to the square of the distance. 



Fig 3 Superposed-epoch analysis of tides (high and low) for Karwar seven days before and after 
the date of phase of the new moon (a) 10-24 January 1980 (17-1-1980 phase of the new 
moon), (b) 9-23 February 1980 (16-2-1980 phase of the new moon and the day on which 
solar eclipse occurred), (c) 9-23 March 1980 (16-3-1980 phase of the new moon) 

In the present study, we have observed that Karwar (100 per cent eclipse) has 
exhibited maximum changes m tidal activity compared to Bombay (90 per cent 
eclipse) and Kandla (50 per cent eclipse) during total solar eclipse The centres of the 
three bodies, sun, moon and earth are almost along a straight line dunng total 
eclipse. Tidal friction in the Irish Sea during solar eclipse was much greater than 
previous days and attributed to the secular acceleration of the moon and the sun, 
where the acceleration of the moon might be accounted greater for changes m tidal 
friction than that of the sun (Dyson & Woolley, 1937) We, therefore, infer from the 
present study the possible association of changes in tidal activity during the total 
solar eclipse would be the nearness of the moon to the earth and the acceleration of 
the moon and the sun The total gravitational attraction between the sun and the 
earth exceeds that between the moon and the earth by about 175 times However, 
tides are caused by a difference m gravitational attraction on the near and far sides 
of a body, not by the total pull on it. Quantitatively, the creation of tides varies 
inversely as the cube of the distance Thus the relatively short distance separating 
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the earth and the moon makes its tide-raising force more than double that of the 
distant sun. The size of the tides is also affected by the moon’s varying distance from 
the earth. Tides are greatest when the distance is least (Ordway, 1966). 

Also, the study of the tides during total solar eclipse is important for better 
understanding of the aerosols of sea origin and their role m cloud physics Recently, 
glifttnani et al (1980) have observed an increase m the concentration of aerosols 
of sea origin by 27 per cent during the period of the total solar eclipse Also, the 
giant size hygroscopic-and non-hygroscopic particles .increased by 43 and 23 per cent 
respectively during the period of totality. Such studies of possible association between 
tidal activity and aerosols of sea origin require further investigation 
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Atmospheric Boundary Layer 

ATMOSPHERIC BOUNDARY LAYER EXPERIMENT 
R. Narasimha, A. Prabhu, K. Narahari Rao and C. R. Prasad 
Indian Institute of Science , Bangalore-560 012 , India 
{Received 30 December 1981 ) 

A micrometeorological tower of 12m height, with five instrumented booms at 
different heights carrying wmd, temperature and radiation sensors, was set up at 
Raichur to study the effects of the total solar eclipse on the atmospheric surface 
layer The observed effects are rather complex, and at least three different time¬ 
scales can be distinguished m the variations of measured parameters At a height 
of 1.3m above the surface, the mean and r m s fluctuation of the air temperature 
start decreasing in a time of the order of minutes’"from the beginning of the 
eclipse About 4-lhr thereafter, velocity fluctuations tend to decrease, and, 
possibly as a consequence, the mean wind speed tends to increase There is, 
however, an interestingly delayed response on a third time scale, about 3hr 
after the end of the eclipse, temperatures are lower than normal by about 3 °C 
at 1 3m above ground, and wmd speeds are lower by an order of magnitude. 
Possible explanations for these phenomena are suggested. 

Keywords: Micrometeorology; Local Winds; Effects of Total Solar Edipse; 
Atmospheric Boundary Layer 


Introduction 

The motion of air m the atmosphere, and in particular also the atmospheric boundary 
layer, is maintained m the final analysis by solar radiation. The relatively sudden 
cut-off m the radiant energy flux that occurs during a solar eclipse may therefore be 
expected to result m unusual changes m atmospheric motion Such changes should 
be particularly pronounced in the surface layer, as the temperature of the ground 
responds faster than the air above it to changes m the incident energy flux. 

There is of course a well-known diurnal cycle m the atmospheric boundary layer 
(eg, Wyngaard, 1973) The corresponding day-night transitions are however the 
result of a relatively gradual diminution m the solar insolation (we shall present 
below quantitative comparisons of the insolation on normal and eclipse days) Cloud¬ 
ing of the skies does not produce conditions comparable to those during an eclipse 
either, because of complex reflection and scattering phenomena m the presence of 
clouds In fact, a solar eclipse provides a unique opportunity for a relatively clean 
atmospheric boundaiy layer experiment, when the response of the layer to a sudden 
switching-off of its major driving force may be observed a situation that is otherwise 
so difficult to produce m nature The lesult of such observations should offer a severe 
test, if not a challenge, to numerical models of the atmospheric boundary layer 
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In view of all this, and the general mystery that still surrounds the effects of a 
a total solar eclipse, it is surprising how few detailed observations exist of micro- 
meteorological phenomena associated with such an eclipse Indeed, the only attempt 
com pa rable to the present experiment was made by Antonia et al.( 1979), who 
reported some interesting measurements made during the solar eclipse of 23 October 
1976 experienced in parts of Australia Unfortunately, at the site of these measure¬ 
ments the eclipse was only partial (80 per cent); furthermore, the final stages of this 
eclipse (which lasted roughly from 1500-1700hr) gradually merged into the normal 
sunset period, so that the effect of the eclipse could not be unambiguously isolated, 
especially as the results on the eclipse day were not compared with those on other 
days 

This paper reports preliminary results from an experiment conducted during 
the total solar eclipse of 16 February 1980 in India. A brief announcement of these 
results was made in December 1980 at the First Asian Congress of Fluid Mechanics 
(Prabhu et al., 1980). 

The Eclipse and the Site of Measurements 

The path of totality m India covered a track of about 120km width, with line of 
maximum duration going from just south of Karwar on the West Coast to Puri 
on the East Coast (IMD, 1979) After considenng several possible sites, it was decided 
to set up the experiment at Raichur, which was almost right on the line of maximum 
duration, would experience totality not too late m the afternoon, recorded reasonable 
winds on a normal day (IMD, 1979), and offered (fie required logistic support. Table I 
gives some details regarding the eclipse at this site Fortunately, synoptic conditions 
during the week including the day of the eclipse were very favourable, with clear 
skies and no appreciable pressure gradients over most of the country, the experiment 
earned out was therefore gratifyingly clean 

Table I 

Total solar eclipse at Raichur 


Coordinates of Raichur 

16°12'N 77°21'E 

Elevation above mean sea level 

400m 

Beginning of eclipse 

142513h* 

Beginning of totality 

15 43 40hr 

Greatest phase 

15 45 hr 

End of totality 

15 4622hr 

End of eclipse 

16 55 hr 

Magnitude of eclipse** 

1 04 


* All times m Indian Standard Time 

••Fraction of the sun’s diameter obscured by the moon at time of the greatest phase 


A 40ft (12 2m) mast to carry the sensors was set up in an open field on the campus 
of the University of Agricultural Sciences at Raichur (Fig 1) The nearest obstruction 
was a building about 200m away The general direction of wind at the site during 
afternoons was towards the buildings, as indicated in the diagram 
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HIGH WAY 



Fig 1. Location of instrumented mast m the campus of the University of Agricultural Sciences at 
Raichur. The mast was in an essentially flat open field, as the jowar crop had all been cut, 
the cotton plants were about 0 5m tall. 

Experimental Set-Up 

A photograph of the mast with sensors is shown m Fig. 2. A total of five booms 
were attached to the mast, at levels and with sensors as shown in Table II. The Instru¬ 
mentation System used for the experiment, and in particular the characteristics of 
the velocity and temperature sensors used, have been described by Prabhu et al 
(1981), the radiation sensors, which measured the energy flux in the visible spectrum, 
respectively across the horizontal and a surface normal to the direction of the Sun at 
totality, have been described by Prasad (1981) In general, the frequency response 
was always adequate to measure fluctuations upto at least 5Hz. All five levels earned 
light cup anemometers (using ping pong ball rotors) to measure horizontal wind 
speed u; the vertical velocity w was measured at four levels using a Gill-type propeller 
Vanes at three levels provided flow direction (0) m the horizontal plane. The tem¬ 
perature T was measured at four levels using a platinum-wire thermometer 

Table II 


Experimental set-up at Raichur 


Sensor 

height 

above 

ground 

(m) 



Sensors 


Level 

Cup 

(«) 

Vane 

m 

Pro- Tempe- 

peller rature 

M ( T) 

Radiant 

flux 

(</) 

*3 

*4 

*5 

1 3 

2 25 

4 25 

68 

10 25 

— ^ 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X X 

X X 

X 





Fig 2 Photograph of (a) mast and ( b ) sensors On the lowest boom, in (/>), can be seen (from left to 
right) a Gill propeller, thermometer, radiation sensors and cup anemometer The next level 
has a vane as well At left, suspended on a string for traversing up and down, is a mim-radio- 
sonde, for measuring temperature 
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The outputs from the sensors were digitized, multiplexed and transmitted through 
a twisted pair of wires to a receiving station, where the data were recorded on cassette 
tapes controlled by a PSI Z/80 microcomputer; data on each channel could also be 
monitored in analog or digital form. Fig. 3 is a block diagram of the data system; 
a complete description of the system is given by Prabhu et al (1981), and Adiga et al. 
(1981). The surface supporting the microcomputer has been developed by Rao and 
Venkataraman (1981). 


12 m mast 



receiving station 

Fig 3 Block diagram of IISc Atmospheric Surface Layer Instrumentation System (Prabhu et aL . 
1981) The data receiving station was set up m a shed about 250m away from the mast 


Results 

Radiation 

Fig 4 shows the solar flux on a horizontal surface, as deduced from the present 
measurements taken on 16 and 17 February. Data were taken almost continuously 
on the 16th, and at a limited number of periods on the 17th. It is clear from Fig. 4 
that, except dunng the eclipse, the solar flux at any given time of day was the same 
on both days. Taking time-denvatives of the flux curves shown, it is found that dunng 
the eclipse, the rate at which solar insolation fell reached a maximum of about 
0 21 W/m 2 s at about 1500hr 1ST. The insolation increased after totality, reaching 
a maximum rate of about 0.17W/m 2 s. After the eclipse ended insolation decreased 
at the normal rate, reaching a maximum value of only O.OTW/nA. It is therefore 
clear that the rate at which radiation was switched off dunng the eclipse at Raichur 
was three times higher than during normal sunset 
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local time (1ST) 


Fig. 4. Solar flux on a horizontal surface at Raichur. On the day of the eclipse (16 February), 
measurements were recorded almost continuously, and are shown by the full line. On the 
next day (17 February) measurements were recorded at less frequent intervals, and are shown 
by filled circles and die dashed lme 

Temperature 

Fig. 5 shows the temperature variation on 16 and 17 February at a height 
z — z t "■ 2.25m, above ground, corresponding to the second lowest instrumented 
level on the mast. These temperatures are 5-min. averages* this averaging period 
corresponds to a third of the length of the cassette tape used for recording data. 
Fig. 5 also shows the r m s. value of the temperature fluctuations, averaged over the 
same period. 

It is seen from data for the 17th that the general diurnal temperature variation 
indicates a peak of about 34 °C around 1530-1600hr; thereafter, the temperature 
drops at a rate of about 1 °C/hr. On the day of the eclipse, the temperature increases 
as on a normal day upto the time of first contact (1425hr), shortly thereafter, the 
temperature starts falling, at a rate of about 2 °C/hr, reaches a minimum of 30 5 °C 
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at approximately the time of totality, and starts increasing again. By the end of the 
eclipse the temperature has almost reached the normal value. 



» lime (hr 1ST) 


Fro 5. Mean and standard deviation of the air temperature at the level z=z a =2 25m at z*. 

Averaging period is 5mm 

Interestingly, the temperature starts decreasing steeply (about 2.5 °C/hr) after 
fourth contact (normal sunset rates are seen to be about 1.5 °C/hr from Fig. 5). At 
2000hr, three hours after fourth contact, the temperature is lower than normal (for 
that time of day) by about 3 °C 

It is seen that, while the air temperature at this level starts responding to the 
eclipse in a time of the order of minutes, there is also a delayed response a few 
hours after the eclipse is over. 

The r m s. value of the temperature fluctuations, decreased rapidly after 
first contact, and remains low thereafter, till about 2000hr 

Wind Velocity 

Fig. 6 shows 7i-mm averages of the horizontal wind speed, at z — 1025m 
There are appreciable variations in these average with time of day, but it may be 
noted that around 1200hr and 2030hr, observed wind speeds are about the same on 
all three days (15, 16 and 17 February) This agreement is reassuring, and enables 
us to assert that the other changes observed must be attributed to the eclipse. 

These changes are intriguing, and do not appear to have been noticed before 
The most staking feature is the spectacular drop m wind speed beginning around 
1800hr on eclipse day, compared to its value on the previous or succeeding day. We 
again see the delayed response mentioned in the previous section 
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Fig. 6. Mean horizontal wind speed at the top of the mast, z=>z,«=10.25m. U,~o u at i,. Averaging 
period is 7.5min. 


Fig. 7 shows the r.m.s. value of the horizontal speed fluctuations, <V In general, 
the 7l-min. average value for «« itself shows strong fluctuations on a normal day; 
on the day of the eclipse, the value of »« itself as well as its range of variation come 
down alter the beginning of the eclipse, particularly after totality. This suppression 
of turbulence must be a result of the stabilization of the surface layer following the 
drop in temperature discussed under Temperature’. 



Flo. 7. Standard deviation of horizontal wind speed at the top of the mast, z=r,»«10.25m. 

A 

U t —c u at i|« Averaging period 7.5mm.g 
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Fig. 8 shows the mean wind speeds at certain times of day on the three days: 
the averaging period has now been increased to IS to 30 min, in order to suppress 
the masking effect of fluctuations at lower periods. (It was not possible to adopt a 
uniform averaging period because of the different frequencies at which data were 
recorded on the three days.) At 1200hr, lSIShr and 2400hr, there is essentially no 
speeds are at 1600hr and 1700hr, between third and fourth contact, the mean wind 
change; slightly higher on eclipse day; at 2000hr, as already mentioned, the wind 
speed is lower by almost an order of magnitude. 

Note that, on non-eclipse days, «* 
reaches values of the order of the mean velo¬ 
city itself (<~2-3m/s) around 2000hr. This is 
characteris tic of a transition m the flow 
regime, of the type discussed by Lenschow 
et al. (1979). It was found that, at the site 
of measurement, the wind velocities that are 
seen to reach values of 3.4m/s in Fig. 8 
remain comparably high during much of the 
ni ght. We suspect that these winds are of 
kata batic origin, and can be attributed to the 
presence of low hills 3km east of the site of 
measurement. This suspicion is reinforced by 
a change in the direction of wind, beg inn i n g 
around 2000hr, to easterly. The switch to the 
katabatic regime could well be marked by 
the high values of *» noted above. 

It appears therefore that the eclipse is 
responsible for suppression of the onset of 
katabatic winds at the site; as these winds 
bad picked up by about midnight (Fig. 8) 
their onset is apparently delayed by 3-4hr 
because of the eclipse 

Clouds 

A curious visual observation of clouds 



>» 

o 

■o 


a 
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Flo. 8. Mean wind velocity at z,—1025m 
on eclipse day (16th) and on the 
previous and succeeding days, at 
selected tunes of day 


must be reported here. As has already been 

mentioned, the skies were very clear at Raichur all through the experiment, 
but there were a few wisps of small fair weather clouds. One of these, of 
angular dimension slightly larger than the sun itself and located at about the 
same elevation as the sun but 15° to the north in azimuth, dissipated around 
1530hr, but started reforming around 1537hr (about 6mm. before totality). 
This intriguing qualitative observation suggests that there was an appreciable 
subsidence about 15mm. before totality, but that rising motion resumed less than 
10mm. later This implies that there are significant changes m boundary layer 
processes even well away from the surface when the radiation has been diminished 
for a penod of about an hour; but these changes are not monotonic in time, 
at least at cloud level. 



184 


R NARASMHA et til. 


Discussion 

It is clear from the present results that a total solar eclipse has significant micro- 
meteorological effects. The most spectacular one that was observed at Raichur was 
that the wind velocity, compared to its value at the same time of day on other days, 
showed a remarkable drop (by an order of magnitude), beginning about three hours 
after the end of the eclipse (1 e., after 4th contact) and extending over a further period 
of 3-4hr. It is likely that this drop in wind is related to the drop in temperature ob¬ 
served at about the gama tune; and that this m turn is a response to the net diminution 
in r adiation (amounting to about 15 per cent) on the day of the eclipse. The observed 
time lag of a few hours is comparable to the value that characterizes the lag between 
maximum temperature and maximum insolation on a normal day, and is probably 
determined chiefly by the thermal conductivity of the soil. 

This delayed-action response to the eclipse can be (and we believe has been) 
missed if attention is confined to what happens during the eclipse! 

The disappearance and reappearance of small clouds is also very intriguing. 
A possible explanation may be based on the realization that the eclipse results m a 
moving cold spot (i.e., shadow) on the surface of the earth. This cold spot may be 
expected to set up a circulation like a land-sea breeze, because of the temperature 
contrast across the band of totality. Such a circulation would normally lead to subsi¬ 
dence over the region experiencing totality, and would explain the observed dis¬ 
appearance of clouds. Their reappearance, however, must imply a change in the sign 
of the vertical velocity. Such a change is possible if the circulation is double-called. 
It is interesting here to note that in some studies of sea breeze on a circular island 
[Neumann & Mahrer (1974); see also Pearson (1980)] it is found that on a ‘large’ 
island (of 102km diameter) a double-cell structure was predicted. In this circulation, 
the flow is downward over the centre of the island and over the sea, but is upward 
in a 20km nng toward the edge of the island (No such double cell was found on a 
smaller island of 52km diameter) Such double-cell circulation could explain our 
observations regarding clouds dunng the solar eclipse. 

We have earlier suggested that the drop in wind velocities that followed the 
eclipse could have been due to the suppression of local katabatic winds. This raises 
a question about whether the phenomenon is restricted to sites like the one chosen 
for the present experiment, or whether similar significant effects on the wind were 
observed widely: if the latter is true, it is possible that the temperature contrasts 
caused by the eclipse affect the circulation on a larger scale This cannot be ruled 
out, as there was a significant diminution in total insolation over scales of order 
10»km on the day of the eclipse. 

The observations from the present experiment are summarized m Table III. It 
is seen that we can distinguish the response of the atmosphenc surface layer on at least 
three time scales. Within minutes of the beginning of the eclipse, both mean air 
temperature and its fluctuation intensity near the surface start dropping. On a time 
scale of half to one hour, the turbulent velocity fluctuations become lower, the 
increase m mean wind speed noticed after totality may be the result of this decrease 
in turbulent stresses Fig. 9. The third time scale, of a few hours, is of the order of the 
thermal lag characteristic of the soil as a conducting medium, a drop in air tern- 
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Table HI 

Summary of micro-meteorological observations of the effects of the eclipse at Saickur 


/=0 

1st contact 

Mean and fluctuating temperature at z~13m start 


(1425hr) 

falling 

+ Jhr 


Velocity fluctuations start falling 

+ lhr 


Small wisp of fair weather cumulus disintegrates, to 
reform less than 7 min. later 

+ lhr 20mm. 

2nd contact 

Mean temperature T t at 2=1 3m drops by 3-4 °C, 


(1543hr 40s) 

reaches minimum, starts rising; distribution stable 

+ ljhr 

3rd contact 

Mean velocity slightly higher than on next day. 


(1546hr 22s) 

fluctuations lower 

+ 2Jhr 

4th contact 

T x back to normal, reaches a second maximum, starts 

(1655hr) 

falling 

+ 5Jhr 

(2000hr) 

T t lower than on next day by °C 

Mean velocity at 10 25m ~ 0.2 m/s, (vs. 3m/s on non¬ 
eclipse days) 

Fluctuations rising 

+ 9Jhr 

(2440hr) 

Mean velocity at 10.25m5-6 m/s, as on other days 


perature is accompanied by a very pronounced decrease in wind velocities. 

On the whole, a total solar eclipse has significant and unusual micro-meteoro¬ 
logical effects, and these may in part explain the atmosphere of mystery that has 
always surrounded this spectacular visual phenomenon in the popular mind. 



Fro 9 Mean and standard deviation of direction of horizontal wind vector. Note how the wind 
veers from generally south-easterly to easterly around 1950hr (1ST) 
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The present discussion, of course, cannot provide final explanations, which 
would have to await more detailed observations at some future favourable eclipse, 
and more detailed calculations using available (or suitably modified) numerical 
models for the atmospheric boundary layer. It is hoped that such observations and 
calculations will be undertaken, if only to assure ourselves that the models m use 
are adequate to explain the p uzzling behaviour observed during the eclipse 
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An atmospheric boundary layer experiment was conducted at Raichur, India to 
study the variations m the surface shear stress, heat flux and the meteorological 
processes that take place during a total solar eclipse Interesting results were 
observed regarding the evolution of the planetary boundary layer, rhnnpg m 
atmosphenc stability from unstable to stable to unstable were observed during 
different phases of the eclipse. Downward propagation of negative heat flux asso¬ 
ciated with decreasing scales of convective eddies was also observed during 
the eclipse 

Keywords: Atmospheric Boundary Layer; Scales of Turbulence; Solar Eclipse; 

Air pollution 


Introduction 

During daytime conditions, temperature of the air near the earth’s surface is wanner 
than the air above it. This causes vertical accelerations and displacement of air 
parcels resulting m thermally induced atmospheric turbulence. As the sun sets, 
temperature of the ground decreases rapidly below that of the adjoining air Layers 
of air close to ground get cooler and become denser. Maintenance of turbulence 
implies that air is being moved continuously m the vertical plane. If the fall of density 
with height is large, lifting denser air against gravity at the expense of energy from 
mean motion is rather difficult Turbulent motion thus becomes small. Again at the 
next sunrise, incoming radiation raises the temperature of the ground and that of 
the lowest air layers resulting m less dense air below This causes the tendency for 
vertical motion to be enhanced increasing turbulence. Diurnal evolution of the at¬ 
mospheric boundary layer thus depends on the variations in the incoming and out¬ 
going radiation An ideal experiment to study the dynamics and the evolution of the 
atmospheric boundary layer would be to study the variations in the boundary layer 
characteristics by decreasing and then increasing the solar radiation abruptly A total 
solar eclipse provides the right setting for such an expenment due to near-instanta¬ 
neous cut-off of the solar radiation. A patch of clouds will not satisfy the required 
conditions due to complex reflection and scattering of light Constantly changing 
angles of the sun to the earth surface makes it difficult to interpret the results that 
may be obtained from an evening or an early morning expenment A survey of the 
literature indicates no study of the atmosphenc boundary layer dunng a total solar 
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eclipse. A partial solar eclipse (80 per cent) was studied by Antonia et al . (1979) in 
Austr alia Thft final stages of the eclipse coincided with the normal sunset thus mak¬ 
ing it difficult to isolate the effect of the eclipse from the diurnal changes. 

The atmo spheric boundary layer experiment described in this paper was con¬ 
ducted during a total solar eclipse that occurred on 16 February 1980 over the southern 
part of Tn d'fi Width of the shadow was about 125km. The expenment was con¬ 
ducted at Raichur, India (16°22'N, 77°2l'E). The first contact or partial solar eclipse 
at Raichur began at 1425 1ST (Indian Standard Time), total eclipse (second contact) 
occurred at 1543 1ST and lasted 2 minutes and 42 seconds; the eclipse ended (fourth 
contact) as a partial one at 1655 1ST Normal sunset was at 18201ST on the day of 
the eclipse. Thus a well-developed convective atmospheric boundary layer was present 
before the first contact and there was sufficient time to warm the surface of the earth 
after the third contact (around 1545 1ST). 

One of the atmospheric variables that can influence the boundary layer charac¬ 
teristics significantly is the synoptic condition which is a largescale feature that 

FEB 16, 1980 
0800 1ST 



Fig 1 Surface weather chart at 08001ST on 16 February 1980 indicating weak pressure gradients. 
This is typical of the synoptic conditions that existed over the southern part of India during 
the week of the eclipse 
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modifies the day-to-day flows. The conditions experienced at Raichur were ideal for 
a boundary layer experiment of this type due to near-constant fair weather conditions 
that prevailed This was expected over most of the interior southern part of India 
due to the month of February being in a non-monsoon period of the year. Synoptic 
surface weather map for 16 February 1980 shown m Fig 1 indicates weak pressure 
gradients over southern India Surface maps for 15, 17, and 18 February also indi¬ 
cated the same feature Thus significant free convection was present, providing an 
opportunity to study the evolution of the boundary layer during the eclipse. 

Measurements 

The boundary layer experiment described m this paper was conducted m col¬ 
laboration with the Indian Institute of Science (I. I Sc), Bangalore. Our objective 
was to study the dynamics of the boundary layer through the observations of the 
variations m the surface fluxes of momentum and heat and the thermal structure. 
The measurement system had the following components (a) a 12m micro-meteoro- 
logical tower (Fig 2) with instruments to measure longitudinal, lateral, and vertical 
velocity and temperature fluctuations at four levels, mean winds at five levels and 
mean temperatures at two levels; (b) a mmi-radiosonde system to measure mean 
temperature profiles to a height of 2 to 3km—it used slowly rising balloons with 
battery-operated instrument packages that measured and telemetered pressure and 
temperature information to a microprocessor-controlled ground station, (c) pilot 
balloon sounding system to measure wind speed and direction in the planetary 
boundary layer, and ( d) a pyranometer to measure direct solar radiation. 

The surface layer fluxes discussed in this paper were measured at a height of 
6 8m above the surface The measurements at this height consisted of longitudinal 
velocity fluctuations with a small three-cup anemometer (developed by the I I Sc), 
vertical velocity fluctuations by a propeller-type anemometer (of R. M Young Inc) 
and the temperature fluctuations with a resistance element thermometer (of A. I R 
Inc) The distance constants of the cup anemometer, propeller anemometer, and the 
temperature sensor are estimated to be about 0 5m, 0 8m and 0 lm, respectively 
The analog data were recorded with a magnetic recorder, digitized at the rate of eight 
per second and analyzed with a digital computer The fluxes were computed with the 
eddy-correlation technique by correlating the longitudinal and vertical velocity 
fluctuations for momentum and the vertical velocity and the temperature fluctuations 
for sensible heat The observations were made for two days prior to and one day 
after the day of the eclipse to determine the characteristics of the atmospheric 
boundary layer that may be site-dependent 

Discussion of Results 


Dynamics of the Surjace Lay er 

Variation of the thermal stability of the atmospheric boundary layer during the 
eclipse due to changes in the solar radiation is of major interest Changes m the 
stability in turn affect the turbulence characteristics of the boundary layer Mean 
potential temperatures measured at 2m and 12m successively by the same sensor 
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eclipse. A partial solar eclipse (80 per cent) was studied by Antonia et al . (1979) in 
Austr alia Thft final stages of the eclipse coincided with the normal sunset thus mak¬ 
ing it difficult to isolate the effect of the eclipse from the diurnal changes. 

The atmo spheric boundary layer experiment described in this paper was con¬ 
ducted during a total solar eclipse that occurred on 16 February 1980 over the southern 
part of Tn d'fi Width of the shadow was about 125km. The expenment was con¬ 
ducted at Raichur, India (16°22'N, 77°2l'E). The first contact or partial solar eclipse 
at Raichur began at 1425 1ST (Indian Standard Time), total eclipse (second contact) 
occurred at 1543 1ST and lasted 2 minutes and 42 seconds; the eclipse ended (fourth 
contact) as a partial one at 1655 1ST Normal sunset was at 18201ST on the day of 
the eclipse. Thus a well-developed convective atmospheric boundary layer was present 
before the first contact and there was sufficient time to warm the surface of the earth 
after the third contact (around 1545 1ST). 

One of the atmospheric variables that can influence the boundary layer charac¬ 
teristics significantly is the synoptic condition which is a largescale feature that 

FEB 16, 1980 
0800 1ST 



Fig 1 Surface weather chart at 08001ST on 16 February 1980 indicating weak pressure gradients. 
This is typical of the synoptic conditions that existed over the southern part of India during 
the week of the eclipse 
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Table I 

Temperature lapse rates in the surface layer 


Time 

(1ST) 

Potential Temperature (Q 

• Phase of the eclipse 

2m 

12m 

1055 

29 4 

284 


1430 

327 

321 

First contact 

1503 

33 7 

32 8 


1551 

315 

316 

3 minutes after 3rd contact 

1606 

32.0 

31.9 


1635 

33 5 

33 4 

10 minutes before 4th contact 

1900 

28 9 

30 8 



where p is the density of air, Cp is the specific heat of air at constant pressure, and 
W'T is the cross-covariance between the vertical velocity and temperature fluctua¬ 
tions. A positive H indicates upward heat flux found in a convective boundary layer 
and a negative H represents downward heat flux usually present during dear nights 
over land surface with stable atmospheric conditions Fifteen minute average values 
of H estimated from the measurements of the fluctuations of vertical velocity and 
temperature during different phases of the eclipse on 16 February are shown in 
Fig. 3. The dotted line shows the variation observed at the site on 17 February, a 
non-eclipse day. Observations of heat flux indicate a sharp decrease immediately 
after the first contact, a gradual decrease for the next hour, a sharp decrease just 
before totality with a change in sign and a gradual increase to the normal non- 


f 'RST ■ fourth 

CONTACT TOTALITY CONTACT SUNSET 



Fra 3 Variation of the sensible heat flux during different phases of the eclipse Dotted line indicate* 
the variation at the site a day after. 
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eclipse day values after the third contact. It is interesting to note that the negative 
sensible heat flux occurs even before the second contact. This is somewhat similar 
to the conditions that exist just before sunset with reduced radiation due to a low 
angle to the sun. 

In order to be able to use the results obtained from this experiment to other 
sites and other heights in the surface layer, Monon-Obukhov length L, a similarity 
parameter and an index of stability was computed. This length is defined as 

T _ “«** 

" kgH/fCgi ...2 

where «„ is the friction velocity, k is Von Karman constant (/w 0.4), and • is the 
mean absolute potential temperature. On any given occasion L is constant, and all 
height-dependent quantities such as gradients, and transfer coefficients are expected 
to be, when suitably normalized, universal functions of z/L, where z is the height of 
measurement In unstable conditions, L is negative, in stable conditions positive. 
With strong thermal effects as is usually found with large heat flux and weak wind, 
L is small. For near-neutral conditions, L becomes very large. Variation of zjL 
during different phases of the eclipse is shown in Fig. 4. Values of L varied from 
about -22m to +100m. Dotted line indicates the normal variation of z/L on a non- 
edipse day. The similarity parameter varied in essentially the same way as the heat 
flux Change in sign corresponding to stable condition occurred a few minutes before 
totality. 




CONTACT 


TOTALITY 


FOURTH 

CONTACT 


SUNSET 


-0 4 I_I_1_1_I_1_I_I_1_i_I_I 

1330 1400 1430 1500 1330 1600 1630 1700 1730 1800 1830 

LOCAL TIME 


Flo. 4 Variation of the Monm-Obukhov similarity parameter, r/JL, for different phases of the 
eclipse Dotted line indicates the variation at the site a day after. 


Variations of the friction velocity, u+ and the standard deviation of the vertical 
velocity fluctuations, on 16 February are given m Table II. The measurements 
were made at a height of 6 8m. The values of u+ and decreased by a factor of 
about four just before totality and increased again after the third contact. The response 
of the surface layer to solar radiation seems to be of the order of a few (< 10) minutes. 
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Table II 


Variation of and o u at 6 8m above the surface 


Tune 

(1ST) 

u 9 U 

(cm sec-*) u 

u 

(cm sec'l) 

** 

(cm sec -1 ) 

Phase of the eclipse 

1330-1343 

107 

47 

35 

65 


1345-1400 

129 

43 

35 

70 


1400-1413 

118 

52 

39 

74 


1415-1430 

115 

51 

41 

71 

First contact 1425 1ST 

1430-1445 

105 

49 

43 

57 


1445-1500 

83 

58 

34 

64 


1500-1515 

76 

61 

41 

43 


1515-1530 

98 

49 

35 

51 


1530-1545 

122 

9 

10 

14 

Second contact 1543 1ST 

1545-1600 

137 

17 

20 

20 

Third contact 1546 1ST 

1600-1615 

130 

19 

22 

28 


1615-1630 

126 

25 

23 

29 

Fourth contact 1655 1ST 

1730-1745 

85 

28 

25 

34 


1745-1800 

83 

32 

28 

28 



Dynamics of the Boundary Layer 

Mean temperature profiles from the surface to a height of about 4km wore 
measured at about 30-minute intervals in the afternoon on the day of the eclipse 


Fig 5. 


3400 



6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 
TEMPERATURE (C) 


Typical mean temperature profiles on a non-eclipse day. Note the super-adiabatic lapse rate 
near the surface and an elevated inversion at about 2300m. 
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(16 February), a day before and the day after (17 February). From the rate of rise 
of the b all oon and from the response time of the temperature sensor, depth of reso¬ 
lution of the temperature measurements was estimated to be 10m. Mean temperature 
profiles measured on 17 February, a day after the eclipse, are shown m Fig 5. A 
well developed convective boundary layer or mixed layer appears to be present to a 
height of about 2500m capped with an inversion. Although the height of this mixed 
layer might vary from day to day within a few hundred meters, it is reasonable to 
expect that the basic structure would remain the same The thermal structure during 
typical daytime conditions normally consists of a superadiabatic lapse rate*near the 
surface (^tens of meters), dry adiabatic lapse rate for the remaining portion of the 
convective boundary layer (^hundreds of meters) and a stable layer on the top. 

Mean temperature profiles to heights of about '3km measured with mmiradio- 
sondes during the day of the eclipse are shown m Fig 6 Inversioncapped height of 
the convective mixed layer was observed to be about 2800m on 15,16 and 17 February. 
On the day of the eclipse (16 February) temperature profiles showed a second 
inversion at about 2100m for two ascents, one immediately prior to totality and the 
other towards the end of the eclipse. Referring to Table I, the first period (1520- 
1550 1ST) is approximately the same as the one during which stable atmospheric 
conditions existed m the surface layer. The inversion aloft (at about 2100m) persisted 



Fig 6 Mean temperature profiles on 16 February during different phases of the eclipse Note the 
onset of a second inversion at 2200m (negative heat flux) and its disappearance after the 
fourth contact 
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longer than the one near the surface. Caughey and Kaimal (1977) found that around 
sunset the transition to negative heat flux occurs first in the upper regions of the 
boundary layer propagating downward to the surface. Temperature profile taken 
after the fourth contact does not show the second inversion indicating b uild- up of 
the convective boundary layer once again The second inversion appeared at about 
0 75 h where h is the mixing height (~2800m), The downward propagation of negative 
heat flux is believed to be related to the reduction in the size of the convective eddies 
as the solar radiation is diminished. 

Conclusions 

The boundary layer experiment conducted during the 1980 total solar edipse revealed 
the changes in the atmospheric stability occurring during different phases of the 
eclipse. Boundary layer became stable just before totality Convective processes were 
observed immediately after totality which suggests that the response of the boundary 
layer is of the order of a few (^1-10) minutes. The negative heat flux seems to propa¬ 
gate downwards when the solar radiation was diminished. This is probably related 
to the variations m the scales of the convective eddies due to changes in the solar 
radiation received by the earth surface. This feature is closely related to the evolution 
of the atmospheric boundary layer. Solar eclipse provides a unique opportunity to 
study the dynamics of this process and understand the physical processes involved 
m the diurnal evolution of the earth’s planetary boundary layer 
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TOTAL SOLAR ECLIPSE OF 16 FEBRUARY 1980 AND THE VERTICAL 
PROFILES OF ATMOSPHERIC PARAMETERS IN THE LOWEST 200M 

V. Ramesh Babu and J S. Sastry 

National Institute of Oceanography, Dona Paula-403004, Goa, India 
{Received 21 September 1981) 


Vertical profiles of air temperature, wind and humidity at Raichur (16‘12'N & 
77°21'E) in the lowest 200m of the atmosphere are presented for the period 15-18 
February 1980. The effect of the total solar eclipse, on 16 February 1980 is seen 
in the lowering of air temperature in the entire air column which persisted for a 
few hours. 


Keywords: Atmospheric Boundary Layer; Vertical Profiles; Air Temperature; 
Tethersonde 


Introduction 

In the present note, the authors present vertical profiles of air temperature, wind 
and humidity upto a height of 200m at Raichur (16°12'N & 77°2l'E) during the 
period 15-18 February 1980. The shadow of the moon passed across the Indian 
peninsula and Raichur was selected as one of the places for carrying out several 
experiments. At this place, the eclipse began at 14h 25 2m 1ST on 16 February and 
ended at 16h 54 6m 1ST with second and third contacts observed at 15h 43 7m and 
15h 46.4m 1ST respectively. 

Methods of Observation 

The data presented in this report were obtained by means of a tethersonde system, 
{Make: A I. R Inc. U.S A.) which consists of a blimp-shaped balloon, an airborne 
telemetry package housing dry and wet bulb thermistors, pressure, wind speed and 
direction sensors, a ground station and an electric winch (Fig. 1) The accuracies of 
sensors in tethersonde {Model. TS-IA-I) are ± 0.5 °C for air temperatures, ± lmb 
for pressure, db 0 25m/s for wind speed and ± 5 °C for wind direction as per manu¬ 
facturer’s specifications. The ground station {Model AS-2AR) resolves the signals 
from the airborne telemetry package into two channels—a time-multiplex one which 
contains information from all sensors and the other one which gives continuous 
information from one selected sensor only. Further, the ground station processes 
the data with the help of a built-m microcomputer and then sends to several output 
devices such as an internal strip-chart recorder, a visual display unit and a printer 
to pnnt the displayed data. 
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Before taking each ascent, ground tests were earned out to check the dry bulb 
temperature and wet bulb depression, wind speed and direction and the rfiflfcnmnw 
were found to be within the accuracy limits of the system. The pressure sensor is 
adjusted to a convenient value which indicates ground pressure and as the instrument 
package moves upward, it gives the differential pressure which can be related to the 
height of the balloon. The visual display unit displays data frames which consist of 
data from all sensors at a rate of the one frame in 24secs. 


TETHERED 

BALLOON 


■»cup 

anemometer 



P3TCHROMETER 


Aft BONNE 
SENSOR PACKAGE 


Fig 1 Tethersonde system. 


Results 

Figs. 2 to 4 show vertical profiles of dry bulb temperature, wind speed and direction 
and relative humidity upto a height of 200m These observations were collected twice 
daily between 0700 and 0800hr in morning and between 1945 and 2115hr in night 
Due to the operational problems it was not possible to take an ascent during the 
eclipse time. One of the important features observed in the vertical profiles is the 
lowering of air temperature, throughout the air column by about 1.5 °C on 16 Febru¬ 
ary 1980, a few hours after the eclipse (Fig. 2). This figure clearly reveals that above 
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50m, day-to-day temperature variations are relatively small in the morning on all 
days and also on 15th and 17th in the early night hours. However, a drop in tempera¬ 
ture on the eclipse day appears to be clearly due to the effect of the solar eclipse. 
Soon after the totality the air temperature near the ground level showed a lowering 
of about 3 °C. As seen from Fig 2, the 17th morning profile shows no such deviation 
in the general pattern suggesting that a perturbation appears in the air temperature 



Fig. 2. Vertical air temperature profiles. 


associated with the solar eclipse and its effect persists for a few hours only In all, the 
profiles of the relative humidities in the air column are higher in the morning com¬ 
pared to those m the night (Fig 3) Fig. 3 shows a slight increase by about 5 percent 
in relative humidity on the night of 16 February which may be partly due to the lower¬ 
ing of air temperature and partly due to the advection of moisture into the region. 
The 16th morning and evening ascents show relatively higher winds above 100m 
which are predominantly south-southeasterly whereas the winds observed on the 
other days are weak (Fig 4) Winds in the early hours of day are found to vary in 
both speed and direction from day-to-day compared to the winds m the early hours 




HEIGHT (ro) 
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Fig. 4. Wind profiles. 

of night. Fig 5 shows the variations in surface air temperature, the heights of ground 
level inversions and the average temperature gradients m the inversion layers. The 
morning temperature inversions are relatively strong and these are associated with 
weak winds. One may expect moisture convergence under stable conditions This 
along with general cooling of the atmosphere in the early hours of the day account 
for higher relative humidity during morning ascents. 



Fig. 5. Characteristics of ground level inversions (O-O height, □-□ gradient, 

A— • —A surface air temperature) 
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METEOROLOGICAL PARAMETERS NEAR THE EARTH’S SURFACE 
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The instruments divisions at New Delhi and Pune of the India Meteorological 
Department planned an exhaustive programme to take frequent dry bulb and 
wet bulb temperature measurements at 14 observatories, including experimental 
stations at Gadag and Raichur, along the path of totality on 15, 16 and 17 
February, 1980. The frequency of observations was stepped up between 1530 & 

16301ST when readings were taken at 2 minutes 'interval These measurements 
taken at the 14 observatories have been analysed and presented m the paper. 

Soil surface temperatures recorded at Gadag on 15, 16 and 17 February 
1980 have also been plotted, analysed and presented. Sunshine duration record 
of 16 February 1980 of Gadag has also been discussed in the paper 

Keywords: Dry bulb. Wet Bulb and Soil Surface Temperature; Path uf Totality 

Introduction 

Thb occurrence of total solar eclipse on 16 February 1980, provided a unique 
opportunity to the India Meteorological Department to set up suitable experiments 
for special observations and collection of meteorological data from soil surface to the 
upper atmosphere upto 30km. Earlier in the century, 2 solar eclipses had occurred over 
the Indian territory, one in 1914 and the other m 1954. But both these eclipses were 
observationally unimportant m India because the shadow of the moon hardly touched 
the Indian territory. The path of totality of the total solar eclipse of 16 February 1980 
swept over the Indian peninsula from Karwar on the west coast to Pun on the East 
Coast Fig 1 shows the path of totality and the locations of observatories and the 
special expedition sites whioh the Meteorological Department had organised for this 
total solar eclipse. The present paper deals with the vanation of dry bulb, wet bulb 
and soil surface temperatures on 15, 16 and 17 February 1980 and the effect of the 
total solar eclipse on the air temperatures (D B. and W B ) The susnshine duration 
record of 16 February 1980 over Gadag has also been presented in the paper 

Experimental Set-Up 

In order to study the nature of variations and to clearly identify those effects that can 
be attributed to the total solar eclipse, it was considered necessary to take meteoro- 


*IMD, New Delhi. 



METEOROLOGICAL PARAMETERS NEAR THE EARTH'S SURFACE 


203 


logical observations a day prior and a day after the eclipse, that is on 15 and 17 
February 1980 m addition to the observations on 16 February 1980. 



The following two experimental stations were established in the belt of totality 
of the eclipse 

1. Gadag (Lat 15°25 8'N Long 75°38.3'E) 

2 Raichur (Lat 16°12 2'N Long77°21 4'E) 

These two sites had been chosen keeping in view the relatively high altitude of the 
sun at the time of eclipse, longer duration of totality, likelihood of clear sky during 
the month, absence of sea breeze, easy accessibility for transportation of instru¬ 
ments and necessary support facilities from New Delhi and Pune. 

Dry bulb and wet bulb thermometers alongwith thermograph and hygrograph 
were housed in two Stevenson Screens m a special observatory enclosure in an open 
field of the J T College at Gadag The Soil Surface thermometer was placed on 
ground surface of this special observatory enclosure. The sunshine recorder was 
however installed on the flat open terrace of the college building for un-obstructed 
sunshine 
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Data 

Dry Bulb and Wet Bulb Temperature Measurements 

Visual observations of dry bulb (D.B) and wet bulb (W.B.) temperatures were 
taken at the expedition sites at Gadag (J.T College) and Raichur, and at the following 
observatories of the India Meteorological Department along the path of totality 
during 15-17 February 1980. Karwar, Bellary, Mahbubnagar, Kumool, Hyderabad, 
yalmg a patnam, Gopalpur, Pun, Bhubaneshwar, Paradip and Chandbali On all the 
three days between 1530hr and 16301ST, frequency of observations was stepped up, 
and observations were taken at 2 minutes interval to study any rapid variation of 
D.B. and W.B. temperatures These data have been plotted in Figs 2a and 2b. 

Soil Surface Temperature Measurements ( SST) 

SST observations were taken at the expedition site at Gadag by placing soil 
surface thermometer just on the surface of the soil of the special observatory and 
SST thermometer readings were taken on 15, 16 and 17 February 1980. During all 
these days, the frequency of observation was stepped up to 2 minutes interval between 
1540 and 1630 1ST to study any rapid variation of SST. These data along with eye 
readings of D.B. temperatures taken at the expedition site at Gadag (J.T. College) 
on 15,16 and 17 February 1980 have been plotted in Fig. 2e. 

Duration of Sunshine 

Duration of sunshine was recorded by sunshine recorder on 15, 16 and 17 
February 1980 at the expedition site at Gadag and the photocopy of the sunshine 
duration record on 16 February 1980 is given in Fig 3. 

Discussion 

On an analysis of the D.B and W B temperatures in Figs. 2a, b and 2c the following 
salient features are brought out 

(i) On 15 and 17 February 1980 vanations of both D.B and W B. temperatures 
follow the normal expected trends modified at times by local weather 
conditions like cloudiness, etc 

(u) Both the D B and W.B. temperatures taken on the day of totality at most 
of the stahons and the expedition sites at Gadag and Raichur (Figs. 2 a-b) 
showed a gradual fall and reached their minimum values at about 10 to 15 
minutes after the totality over the respectve stahons. 

(in) The D.B. temperature drop from Karwar to Chandbali was of the order of 
1 5 °C to 3 0 °C which can be attributed to the effect of total solar eclipse 
(iv) Later, most of the stations showed the normal tendency of increase in 
D B. and W B. temperatures 

(v) Bhubaneshwar and Chandbali did not however exhibit similar type of 
variations in temperatures and this may be due to the fact that both the 
stations reported appreciable cloudiness over the stations during the eclipse 
and thereafter 
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Fig. 2b 
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Flo. 3 Duration of sunshine on 16 February 1980. 

Soil Surface Temperature ( SST) 

On an analysis of variations of soil surface temperature on the 15, 16 and 17 
February, 1980 at the expedition site at Gadag (Fig 2c), the following salient features 
are brought out: 

(i) At 1400hr 1ST on the 15 and 17 February, 1980 the SSTs at Gadag were 
59 7 °C and 59.4 °C respectively. On 16 February 1980 at the same hour, the 
SST was 60.7 °C. The solar eclipse started over Gadag at 14211ST and the 
totality lasted between 15h41m to 15h43m 46s and the eclipse ended over 
Gadag at 16h53m. On an inspection of the variations of the SST, it is seen 
that the temperature at the surface of the soil dropped from 60 7 °C at 
1400 1ST to 38.4 °C at 1600 1ST on the day of the eclipse, whereas on 

15 and 17 February 1980, the SSTs at the expedition site were 51 7 °C and 
51.9 °C respectively at 16001ST. 

(n) The rapid fall of soil surface temperature by 22 3 °C during the eclipse of 

16 February 1980 at Gadag is considered to be a very significant feature of 
the effect of total solar eclipse on the temperature structure near the ground 
surface. This resulted in a very steep gradient of temperature near the 
ground surface and appeared to be responsible for the appearance of haze 
over the horizon. This also resulted in the development of inversion layer 
near the ground surface and damping of all convective processes in the 
earth’s surface boundary layer. 

Duration of Sunshine 

Record of duration of sunshine as recorded by Sunshine Recorder on 15,16 and 
17 February 1980 at the expedition site at Gadag has been analysed. The duration of 
sunshine on 15 and 17 February 1980 showed the normal trend. The duration of 
sunshine record of 16 February 1980 (Fig. 3) shows that charring of sunshine chart 
due to sunshme through the spherical convex lens stopped at 15341ST, that is about 7 
minutes before the commencement of totality, and did not record any significant 
sunshine upto 1553 1ST, that is about 9 minutes after the totality ended During this 
19 minute interval, the solar radiation was cut off or diminishe d to zero. 
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A study of the meteorological parameters across the penumbral and nmhrgi 
regions during the 16 February 1980 Indian total solar eclipse has been marU 
Surface pressure, air temperature, soil surface temperature and relative humidity 
measurements have been made at Trivandrum, which had 80 per cent obscurity, 
Hyderabad which was almost m the totality path, Calcutta which had 96 per cent 
obscurity and New Delhi 6S per cent eclipse, are discussed It was found that the 
surface pressure was not much affected by the eclipse Air temperature measured 
at a height of 1 2m above the ground showed a decrease of 2.8 °C at 
Trivandrum, 31 °C m Calcutta and 2.7 °C at Hyderabad. Soil Surface tempera¬ 
ture had fallen by 16 3 °C at Trivandrum on the eclipse day. An increase in 
relative humidity was found as the eclipse advanced, reaching the highest value 
just after the final contact 

Keywords: Meteorological Parameters; Surface Pressure; Soil Surface Tempera¬ 
ture; Relative Humidity 


Introduction 

The conditions in the earth’s atmosphere may be altered during a solar eclipse as a 
result of the transitory variation in the thermal equilibrium within the region of the 
moon’s shadow. Chimonas and Hines (1970) proposed that the cooling of ozone m 
the upper atmosphere would trigger internal gravity waves which in turn interfere 
to produce a bow wave that could cause barometric pressure changes at ground 
level. Total solar eclipse observations of Anderson et al. (1972) on pressures showed 
that , the pressure amplitudes were of two to three orders in excess to the ones pre¬ 
dicted by Chim onas and Hines. Chimonas (1973), later suggested that the large 
pressure amplitudes could be due to the triggering of Lamb waves as a result of the 
cooling m the tropospheric water vapour Depending on the water vapour beneath 
the penumbra, the Lamb wave could be of the order of magnitude enough to cause 
microbarometnc pressure changes at the ground level regions of even 80 per cent 
eclipse However, microbarometnc pressure observations over Africa during the total 
solar eclipse in 1973 by Schbdel et al (1973) and Beckman and Celucas (1973) did not 
prove this Similarly, Jones and Bogart (1975) showed that the variation seen m the 
microbarograph records from the region of totality were only due to the ongoing 
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pressure fluctuations The existence of an eclipse generated gravity wave has not 
yet been verified. 

Regarding the effect of eclipse on temperature, it is well established by Gnn- 
gorten and Kantor (1965) that although the earth’s surface temperature may fall by 
about 6 °C, the air temperature response at one or two metres above this surface, 
is of the order of 1 to 2 °C only. According to Chimonas (1973) any reasonable 
extrapolation of the near-surface temperature response into the lowest few hundred 
metres of the atmosphere shows that the associated change m atmospheric heat 
budget is a very small percentage of the solar energy screened by the earth's surface. 

With this information in background we have undertaken a study of the effect 
of the solar eclipse of 16 February 1980 on meteorological parameters across the 
totality path m order to verify the earlier observations connected with solar eclipse. 

Observations 

Special observations of surface pressure, air temperature, soil surface temperature 
and relative humidity during both the eclipse tune and the previous day at the same 
time were taken every 10 minutes in Tnvandrum (8°N, 77°E), using a Fortin’s baro¬ 
meter. To compare the results of Trivandrum, observations were also taken from 
Hyderabad (17°N, 78®E), Calcutta (22°N, 88°E) and New Delhi (28°N, 77°E), using 
barographs, which were frequently corrected to the standard Trivandrum experien¬ 
ced 80 per cent eclipse on the southern side of the totality path whereas Hyderabad fell 
very close to the totality path (i e ,99 percent obscurity), Calcutta whichhad 96per cent 
obscurity and New Delhi 65 per cent eclipse lay on the northern part of the totality 
path The eclipse began to manifest itself at Tnvandrum in the afternoon, exactly at 
1420hr (all times in 1ST, Indian Standard Time) reached the maximum at 1540hr and 
receded at 1650hr. During the eclipse time, the sky was clear above most of the 
stations, except New Delhi where the sky was overcast due to the presence of active 
westerly disturbance. 


Results and Discussion 


a. Surface Pressure 

Fig 1 is a plot of the surface pressure recorded at the time of eclipse at Tn¬ 
vandrum, Hyderabad, Calcutta and New Delhi The times of first contact, maximum 
phase and the fourth contact have been shown by letters A, B and C respectively 
for each place At Tnvandrum sharp decrease in the pressure began 20 minutes 
before the first contact and reached the lowest value of 1009.3 millibar, 40 minutes 
after the first contact The surface pressure remained constant at this value for about 
an hour, the interval including the maximum phase During the eclipse time the 
surface pressure was lower by about 0 3 millibar than that on the previous day (No 
observations of surface pressure weie taken on 17 February, the next day) Soon 
after the fourth contact the surface pressure was found to be increasing 

On the other hand, for Hyderabad, Calcutta and New Delhi surface pressures 
during the eclipse time were not at all affected In New Delhi, the pressure on the 
eclipse day and the next day have the same feature Routine observations (not presen- 



EFFECT OF TOTAL SOLAR ECLIPSE ON METEOROLOGICAL PARAMETERS 211 

ted here) from Bangalore (92 per cent obscurity) and Cochin (82 per cent obscurity) 
did not indicate any pressure fluctuations. The surface pressure observations at these 
stations were taken only hourly, so it is difficult to detect any pressure waves gene 
rated due to the eclipse. 



T I M E [H 0 U R Sj 

Fig 1 Variation of surface pressure during the eclipse at Trivandrum (TRV), Hyderabad (HYD), 
Calcutta (CAL) and New Delhi (NDL). 

(.. .15 February, - 16 February, 17 February 1980) 

The measurements of Anderson et al (1972) m the umbral region of the 1970 
solar eclipse at Florida did show fluctuations which were attributed to eclipse-asso¬ 
ciated waves On the other hand, Jones and Bogart (1975) who studied the African 
total solar eclipse of 1973, reported that the microbarograph records reflected only 
the ongoing pressure fluctuations They commended on the similarity between their 








212 


K. MOHANAKUMAR AND S. DEVANARAYANAN 


observations and those of Anderson et al. (1972), and concluded that the pressure 
fluctuations seen in the 1970 event was probably not eclipse induced Beckman and 
Clucas (1973) also observed null results. Schddel et al. (1973) reported that the 
naturally occurring wave-like fluctuations on ground based microbarographs were 
rare events that seemed to be associated with tropospheric events. In the present 
study we did not find any pressure fluctuations, and, therefore, conclude that the 
significant features seen at Trivandrum could not be due to the eclipse. 

b. Temperature 

The air temperature measurements made at a height of 1 2 metre above the 
ground at Trivandrum have been plotted in Fig. 2 The diurnal maximum of air 



T I M E[H 0 U RSJ 

Fig. 2. Effect of the eclipse on air temperature at Tnvandrum (TRV), Hyderabad (HYD) 
Calcutta (CAL) and New Delhi (NDL) 

( . . 15 February, -16 February, .. . 17 February 1980) 
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temperature usually is reached at about 1500hr. But on the eclipse day, the maximum 
temp erature observed was at 1420hr, the time of first contact, after which the tempe¬ 
rature was found to be ever decreasing. The lowest day temperature of 29.8 °C was 
found during the time of maximum phase. Hus means a decrease of 2.8 °C due to 
the eclipse from the day temperature on the previous day at the same time. At Hydera¬ 
bad, the air temperature during the eclipse tune showed a decrease of 2.4 °C com¬ 
pared to the previous day and 3.3 °C the next day (Fig. 2). The observations at 
fai rntfa showed a decrease of 3.1 °C compared to normal days. But the air tempe¬ 
rature observations of New Delhi were not much affected by the eclipse, because of 
the presence of active western disturbances on these days. 

Special observations of the soil surface temperature were taken only at two 
stations, viz, Trivandrum and Hyderabad, and these have been plotted in Fig. 3. 



1400 1500 I&00 1700 

T I M E (H 0 U RSj 

Flo 3. Sod surface temperature changes due to the eclipse at Trivandrum (IRV) and Hyderabad 
^ HYD ^ ( . 15 February, -16 February, ... 17 February 1980) 
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At Trivandrum, the soil surface temperature data were taken every 10 minutes, 
whereas in Hyderabad, these were taken every 2 minutes At Trivandrum, the diurnal 
Twa-rimnm of surface temperature usually occurs around 1520hr (as seen in the 
diagram). But on the eclipse day the day-maximum was 56.9 °C since 1340hr 
whereas on the previous day it was only 51.2 °C at the same time, which means on 
the eclipse day the soil surface temperature was 5.7 °C warmer than the previous 
day. The day-maximum was constant for 40 minutes till the first contact It reached 
the lower temperature of 40.6 °C at 1555hr i.e„ 15 minutes after the maximum 
phase. The effect of the eclipse was thus to reduce the day-ma x im u m to the minimum 
rapidly by 16.3 °C within 95 minutes This difference of 16 3 °C on the eclipse day 
is definitely note-worthy compared to the corresponding 10.2 °C difference on the 
previous day. At Hyderabad which was very close to the totality path, there was also a 
c on siderable fall in the soil surface temperature due to the eclipse. The day-minimum 
reached soon after totality and it remained constant for about 15 minutes, having 
the same trend as in Trivandrum. Thereafter, the surface temperature was found to 
be increasing slowly. 

The present study clearly shows that both air temperature and the soil surface 
temperature were lowered due to the eclipse; the effect on the latter was more pro¬ 
nounced. Data from other stations (not given here) also showed a decrease in air 
temperature of the order of 2 to 3 5 °C during the eclipse time The air temperature 
within the lower atmosphere is related to the surface temperature. According to 
Gnngorten and Kantor (1965) the decrease of soil surface temperature is about 4 
to 5 times that of the air temperature The maximum variation in temperature occurs 
near the earth’s surface, because there is influence of ground temperature on air 
temperature. This explains the resultant cooling during the eclipse maximum when 
the insolation is cut off. During this tune, the earth’s surface cools rapidly than 
the overlying air, and hence the larger variation found closest to the earth’s surface 
as reported here. These results are in agreement with those reported earlier (see, for 
example, Anderson et al, 1972 for March 1970 solar eclipse and Anderson and 
Keefer, 1975 for 1973 solar eclipse). 

c. Relative Humidity 

The variation of relative humidity with time due to the eclipse at Trivandrum 
is given in Fig. 4 It is seen that the relative humidity was quite higher during the 
time of eclipse Soon after the first contact till about 20 minutes, the relative humidity 
remained constant at 55 per cent, it abruptly changed to 65 per cent for the next 
20 minutes After the maximum phase, the relative humidity showed further increase, 
reaching the maximum of 67 per cent at the final contact The data from Hyderabad, 
Calcutta and New Delhi also showed higher values during the eclipse time than 
on normal days (Fig 4). 


Conclusions 

The surface pressure was not at all affected by the total solar eclipse of 16 February 
1980, in most of the stations The air temperature may register a drop of 2-3 5 °C, 
on account of the total solar eclipse But the eclipse did certainly influence the soil 
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TJ M E lH 0 U R S) 

Fig 4 Changes of relative humidity during the eclipse at Trivandrum (TRV), Hyderabad (HYE 
Calcutta (CAL) and New Delhi (NDL). 

( . . 51 February, -16 February) . 17 February 1980) 

surface temperature to a great extent, since, for example, at Trivandrum a decrease 
of about 16 °C was found from the day-maximum The lowest day temperature 
observed on the eclipse day was just after totality. The relative humidity during the 
eclipse time showed higher values, and it is evidently due to the decrease of tempe¬ 
rature at this time, since they are reciprocally related. 

Acknowledgements 

The authors wish to thank much Dr V. Narayanan and his colleagues at the Meteoro¬ 
logy Division, TERLS, Trivandrum for their help We also express our sincere thanks 








216 


K. MOHAN AKUMAR AND S. DEVANARAYANAN 


to the DDGM, India Meteorological Department, New Delhi for the kind supply 
of data. 


References 

Anderson, R C, and Keefer, D. R (1975) Observation of the temperature and pressure changes 
during the 30 June 1973 solar eclipse /. atm Set, 32,228-231. 

Anderson, R C., Keefer, D. R, and Myers, O E (1972) Atmospheric pressure and temperature 
changes during the 7 March 1970 solar eclipse J atm, Set , 29, 583-587. 

Beckman, J. E, and Clucas, J. I. (1973) Search for atmospheric gravity waves induced by the eclipse 
of June 30, 1973. Nature, 246,412. 

Chimonas, G. (1973) Lamb waves generated by the 1970 solar eclipse Planet Space Set., 21, 
1843-1854. 

Chimonas, G., and Hines, C 0 (1970) Atmosphenc gravity waves induced by a solar eclipse 
J. geophys, Res,, 75, 875. 

Gnngorten, L I., and Kantor, A. J. (1965) Atmosphenc temperature, density, pressure and moisture 
Handbk . Geophys Space Environ, AFCRL—USAF, 3—17. 

Jones, B W, and Bogart, R S. (1975) Eclipse induced atmosphenc gravity waves /. atm, terr, 
Phys,, 37,1223-1226. 

Schodel, J. P., Klostermeyer, J, and Rotteger, J. (1973) Atmosphenc gravity wave observations 
after the solar eclipse of June 30, 1973 Nature, 245, 87 



© Proc. Indian natn . Sci Acad 48, A, Supplement No 3, 1982, pp 217-223 
Printed m India. 

Atmospheric Boundary Layer (Meteorology) 

MEASUREMENTS OF METEOROLOGICAL PARAMETERS AT THE LOWEST 
LAYERS OF THE ATMOSPHERE DURING TOTAL SOLAR ECLIPSE OF 1980 
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(Received 21 July 1981) 

Observations of various meteorological parameters viz, wind speed, wind 
direction at two levels 3 0 and 13.5m, air temperature at four levels 0.3, 3.0, 6 5 
and 13 5m. soil surface temperature and atmospheric pressure were made at 
Raichur (77°21'E 16°12 / N) during the total solar eclipse of 16 February 1980. 

Sensitive photo-electric anemometers and potentiometnc windvanes were used 
for measuring wind speed and direction, sensitive linear bead thermistors were 
used for measuring temperature, a differential capacitor transducer was used for 
the measurement of atmospheric pressure. The above parameters were conti¬ 
nuously and automatically recorded on strip chart recorders The results of the 
observations made are presented in this paper 

Keywords. Wind—Speed & Direction; Temperature & Pressure—Air, Surface; 

Photoelectric Anemometers; Potentiometric Wind wanes; Differential 
Capacitor Transducer 


Introduction 

The spectacle of the sun, which provides about 99 97 per cent of the heat energy requir¬ 
ed for the physical processes taking place in the earth-atmosphere system, being blotted 
out of the day sky is so unusual that it has always created a sense of wonder and 
awe in the minds of its viewers During a solar eclipse when solar radiation is blocked 
from reaching the earth’s atmosphere, it can reasonably be expected that the condi¬ 
tions are altered in the atmosphere because of the transitory change m the heat 
balance within the moon’s shadow Accordingly, the measurement of atmospheric 
parameters has been considered important by both meteorologists and amateur 
observers, since the 19th century The total solar eclipse of 16 February 1980 provided 
for the first time a unique opportunity to the scientific community in India to repeat 
the common experiments 


Site Conditions 

The experiment described here was conducted at the Agricultural Research Institute. 
Raichur, 16°2rN, 77°21'E very near the central line of the totality path of the 
solar eclipse on 16 February 1980 A site m an open field free from obstiuctions such 
as buildings and trees was chosen to minimize any disturbances caused by wind gusts 
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On the morning of the eclipse the sky was partly cloudy with a light breeze from 
southeast The temperature was around 22 °C Southeasterly to Southerly winds 
continued at about 3-4 knots but the sky became absolutely clear just before the 
first contact at slightly after 1425hr 1ST and remained clear throughout the duration 
of the eclipse which ended at about 1655hr 1ST 

Instrumental Set-Up 

Pressure 

The atmospheric pressure measurement was made using a differential capacitor 
electrical transducer (Plate I) developed in the Instruments Division of the India 
Meteorological Department at Pune. An evacuated and sealed aneroid bellows is 
used as the basic sensor in the transducer The expansion or contraction of this 
bellow due to variation m the atmospheric pressure is converted to corresponding 
variations in the capacitance value of a pair of parallel plate capacitors These 
capacitors are connected in a differential mode with the common plate controlled by 
the aneroid bellows The differential capacitance value is converted by a suitable 
circuit to an analog DC voltage linearly varying with the atmospheric pressure 
and recorded continuously on a strip chart recorder 



Pi ate I. Tower instrumental set-up at Raichur during total solar eclipse of 1980 
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Temperature 

The soil surface temperature and air temperature at 4 levels upto 13.5m above 
the ground were measured during the eclipse using linear bead thermistor composite 
thermometers The thermistors used for measuring the air temperature were provided 
with polished anodised aluminium louvred radiation shield and mounted on bracket 
arms at the appropriate heights on a 13 5m mast. The thermistor sensor was con¬ 
nected as a feed back resistor in the operational amplifier circuit and the output was 
fed to the strip chart recorders. 

Wmd 

Sensitive, light weight 3 cup photoelectric anemometers developed by the Pune 
Instruments Division were used for measuring wind speed. When file cups rotate, a 
disc with 32 holes attached to the anemometer spindle cuts the light emitted by LED, 
thus giving the electrical pulses proportional to the wind speed. These pulses are 
converted to a D. C. voltage and recorded on stop chart recorders calibrated in terms 
of knots. 

Potentiometnc windvanes with strip chart recorders were used for the measure¬ 
ment and recording of wind direction 
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Results 

r.himnnas and Hines (1970) predicted that cooling in the upper atmosphere would 
trig ger internal gravity waves, with pressure amplitudes large enough to be detected 
at the surface of the earth. Anderson et al (1972) summarised previous pressure 
measurements during solar eclipses and observed that the atmospheric pressure 
record showed oscillations and in addition, all but one of the authors reported two 
maxima and two minima beginning with a minimum after first contact, the average 
of the pressure amplitude being 244pb 

The atmospheric pressure measurements recorded during 1200hr 1ST through 
2030hr on 16 February 1980 at Raichur are shown in Fig. 1. The pressure changes 
on a typical day IS February 1980, are also shown for comparison. The roman 
numerals I through IV indicate the time of first, second, third and fourth contacts 
respectively of the eclipse on 16 February 1980 One oscillation having amplitude 
of about 200f«b in pressure with a weak second minimum is seen in the pressure 
profile of 16th. The first minimum occurred just after totality and the maximum and 
the second minimum occurred after the eclipse ended. It was seen that there was no 



Fio. 2 Soil surface temperature changes at Raichur recorded during the 16 February 1980 solar 
eclipse. 
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appreciable variation in pressure value between 1600hr and 1700hr on 15 February, 
thus giving a flat profile. 

The results of soil surface temperature and atmospheric temperature measure¬ 
ments described in the earlier section are shown in Figs 2 & 3. A maximum change of 
19.5 °C m soil temperature and 4 °C in air temperature at the height of 0.3m were 
observed just after totality The drop in temperature at 3 0, 6.5 and 13.5m levels was 
2.4 °C, 1 8 C and 1.4 C respectively. It may be noted that the atmospheric condi¬ 
tions were quite favourable for measuring the eclipse induced temperature chany 
in that, the sky was absolutely clear and the ambient temperature returned to within 
0.5-1 °C of its normal value after the eclipse. 



Flo 3 Temperature changes at altitudes 0.3, 3 0, 6 5 and 13.3m, recorded at Raichur, India, 
during the solar eclipse on 16 February 19S0 


Figs 4, 5 and 6 show the variation of wind speed and direction from 1300hr 
to 1800hr 1ST at two different levels, 3 0m and 13 5m at Raichur for 15, 16 and 17 
February 1980 respectively The wind speed at 3 0m at about 1545hr on 16 Febru¬ 
ary 1980 shows a minimum value of 1 knot while on 15th and 17th the wind speed 
was about 2.5 and 3 knots respectively This sudden dip in the wind speed on 16th 
could be presumably due to the effect of eclipse during totality though apparently 
there seems to be no physical reason as to why the wind should die down to very 
low values during totality Earlier workers, Anderson et at (1972) have also reported 
that the wind dies down to a dead calm especially during totality It is however, seen 
at Raichur that the wind speed did come down to very low values during totality 
though it did not die down to a dead calm The low wind speed at 1330hr on 16 
February 1980 could be due to some other causes The wind speed profile at the higher 
level of 13 5m generally follows the low level profile on all the three days though the 
values are higher at 13 5m 
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Fio 6. Wind speed and wind direction recorded at Raichur, India, on 17 February 1980. 
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In this paper, the observations made by monostatic sodar and a number of 
meteorological sensors to study the variations m the atmospheric boundary 
layer at Delhi (28°6'N, 77°2'E) and Taxapur (19°50'N, 72°41'E) during the solar 
eclipse of 16 February 1980 are reported The atmospheric instability (atmospheric 
mixing and turbulence) and solar UV component were found to have been 
reduced below normal values during the solar eclipse period The atmosphere at 
no time showed to have become stable and the sodar echograms did not show the 
presence of wave motion (undulations) before, during and after the solar eclipse 
at either of the two places 

Keywords: Atmospheric Boundary Layer; Monostatic Sodar; Sodar Echograms; 

Mixing Height; Thermal Structure Parameter; Global & UV Solar 

Radiation; Radon 


Introduction 

The total solar eclipse of 16 February 1980 offered a good opportunity to study the 
changes m the atmospheric properties during the eclipse period It also offered a 
chance to show the potential of the sodar technique to study the stability of the lower 
atmosphere in the first few hundred metres of the boundary layer, a region of great 
importance in hazardous situations of air pollution, aviation and microwave com¬ 
munication 

In Delhi (28°6'N, 77°2'E) and atTarapur (19°50'N, 72°41'E) where the mono¬ 
static sodar and a number of tower mounted meteorological sensors were set in 
operation for the above studies, the maximum observation of the sun’s disc during 
the eclipse was 65 per cent and 84 per cent respectively The times of various phases 
of elipse at the two places were 1419-1652hr at Tarapur and 1436-1651hr at Delhi 
with times of greatest phase being 1540hr at Tarapur and 1547hr at Delhi 
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Experimental Set-Up 

The various instruments used are shown m Fig 1 The monostatic sodar (Singhal 
et al , 1978) capable of studying the thermal structure of the lower atmosphere to a 
height range of 700m was used at both the places. Tarapur additionally had the 
facility of an instrumented tower (BARC, 1974) 12Qm high with arrangements for 
measurements of air temperature, wind speed and direction and solar radiation, both 
global and UV component, at a number of levels Surface measurements of air 
temperature using Stevenson screen were also available at both the places Besides, 
radiosonde data from Delhi and Bombay observatories of India Meteorological 
Department were also available twice daily at 00GMT and 1200GMT The types 
of the various sensors used at the two places alongwith their resolution, parameter 
measured, level range etc are shown m Table I 



Fig 1 Diagramatic representation of the range and resolution of the various meteorological sensors 
used. 


Studies of the Atmospheric Boundary Layer 

A visual picture of the atmospheric boundary layer during the eclipse period com¬ 
pared to a normal day of solar heating can be seen m Figs 2 and 3 A general decrease 




Table I 


Level, range, resolution etc. of the various sensors used to measure the atmospheric parameters 


S No Variable 

Sensor Resolution 

Continuous 

Recording 

Levels/Range 

(m) 

Place(s) 

1 

Thermal Structure 

SODAR 

10m 

Yes 

700m 

Tarapur/NPL 

2. 

Air Temperature 
(a) On Tower 

Semiconductor Diode 

±0.1 C C 

Yes 

30 & 120m 

Tarapur 


(b) On a Stevenson Screen 

Bimetallic Thermograph 

±0.5 °C 

Yes 

1 2m 

Tarapur/NPL 

3 

Wind 
(a) Speed 

Cup Anemometer 

±0 2m/s 

Yes 

6,60 and 120m 

Tarapur 


(b) Direction 

Potentiometnc Wind Vane and Bivane 

45 °C 

Yes 

6, 30 and 120m 

Tarapur 

4 

Solar radiation 
(a) Global 

Kipp & Zonen Solaruneter 


Yes 

4m 

Tarapur 


(b) UV Component 

Epply UV Radiometer 

290-385 

micrometer Yes 

4m 

Tarapur/NPL 
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m the height of the thermal plumes can be seen in the echograms both at Delhi and 
Tarapur during the eclipse period However, the echogram at Tarapur is more re¬ 
presentative of the varying phase of the solar eclipse since the day at Tarapur was 
clear while the sky over Delhi was partially covered with clouds. 



Fig 2. Solar echograms and surface temperature record for 16-17 February 1980 in Delhi 


The echogram at Tarapur clearly shows that the height of the thermal plumes 
was 250m a little before the onset of the eclipse (this is a height of the same order 
as on the previous day), a fall in the height of the thermal plumes started around the 
time of the onset of eclipse, the falling trend remained till 1530hr, a time close to the 
maximum phase of the eclipse, when a rise m the height of the thermal plumes 
started, this rising trend remained till 1630hr a time a little earlier to the end time 
of the eclipse, whereafter it levelled off more or less The minimum height of the 
thermal plumes at Tarapur during the eclipse was seen to be 170m while the post 
eclipse height of the thermal plumes was observed to be around 200m Compared to 
this the height of the thermal plumes on a day prior to the eclipse during the same 
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Fig 3. Sodar echograms for 15-16 February 1980 at Tarapur 

period had been more or less uniform (around 250m), a characteristic of the marine 
boundary layer at Tarapur 

The measurements of the air temperature and wind velocity at a number of 
levels on the Tarapur instrumented tower (Fig 4) seem to confoim to the observa¬ 
tions made by the sodar. From the diagram it is clearly seen that the air temperature 
shows a fall during the increasing phase period of the eclipse and an increase during 
the recovery phase period at all the three levels of measurement The air temperature 
becomes normal soon after the full recovery of the eclipse It is also seen that the 
variations m temperature decrease as we go up in the atmosphere 

This behaviour of the variations in air temperature at the various levels of 
measurement, however, can be better studied through a plot of temperatuie gradient 
which is also shown in Fig 4 ft is clearly seen that the changes in the temperatuie 
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gradient are larger in the lower layers of the atmosphere and with height not only 
the gradient decreases but even the variations in the gradient become low, a behaviour 
responsible for the formation of the thermal plumes during the day on the sodar 
echograms only up to a certain height (conforming to the sensitivity of the system) 
showing decreasing intensity with increasing height of the plumes. The flatness of 
the temperature gradient curve in the 30-120m layer of the atmosphere over a large 
period around the maximum phase of the solar eclipse and its levelling off before the 
end tune of the eclipse are also in conformity with the sodar behaviour. 



Fro 4 Variations erf air temperature and wmd velocity on 15-16 February 1980 at the various 
levels on the Tarapur instrumented tower 

The temperature lapse rates due to eclipse at the greatest phase time of the 
eclipse m the layer range 1 2-30m and 30-120m are seen to be respectively 48 C/ 
100m and 1 1 °C/100m while the anticipated lapse rates without the solar eclipse as 
shown by the dashed hue should have been 7.4 °C/100m and 1.5 °C/100m respectively 
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These lapse rates indicate a large drop in the instability of the atmosphere during 
the solar eclipse. The decrease in the instability of the boundary layer is further 
shown by the wind velocity measurements at the various levels of the tower Fig 4 
clearly shows that the variations in wind velocity during the eclipse period at the 
various levels of measurement are very small Further, it was seen that even the 
fluctuations in the horizontal and vertical wind directions at the various levels were 
very small during the eclipse period 

The decrease in the instability of the boundary layer during the solar eclipse was 
also evidenced by the surface temperature plot (Fig 2) in Delhi However, at no 
time during the solar eclipse, the atmosphere was observed to have become stable 
at either of the two places, Tarapur and Delhi The formation of thermal plumes and 
the absence of wave motion on the sodar echograms at both the places show that the 
boundary layer continued to remain unstable at both the places throughout the solar 
eclipse 

To show the above result more explicitly, data of the mixing height and thermal 
structure parameter Cr have been computed for a few days before and after the 
day of eclipse for the duration of the eclipse period The mixing height has been 
obtained by using the empirical relationship (Smghal et al , 1980): 

y = 4 24x-j-95 


where x and y denote the observed height of the plumes and the extrapolated height 
of the mixing boundary layer respectively measured in metres. The thermal structure 
parameter at Tarapur has been estimated directly from the tower data while at Delhi 
it has been estimated from the intensity of the received power on the sodar echograms 
by using the following relations applicable for a monostatic sodar (Little, 1969) 


C-A 

o (180°) =s 0.0039ft 1 ,a — MKS Units 
and P- 


D Cta (180°) ALB 
rt 2 R* 


where a (180°) is the backscattered acoustic power per unit incident power per unit 
solid angle, k is the wave number of the acoustic wave, Cr 2 is the temperature struc¬ 
ture parameter, T is the mean absolute temperature within the scattering volume, 
P r is the received acoustic power, Pt is the transmitted acoustic power, x is the pulse 
length, C is the velocity of sound waves, R is the range height, A is the collecting 
area of the acoustic antenna, L is the round trip attenuation of the acoustic wave 
and B is the beam shape compensation factor which includes the efficiency of the 
acoustic transducer and the directivity pattern of the antenna 

The computed values of the various parameters are given in Table II A look at 
the table shows that the mixing height during the eclipse period at Delhi decreases on 
all days irrespective of the occurrence of eclipse on 16 February 1980 However, the 
values are slightly lower on the eclipse day with the end time height of the mixing 
layer being about the same on all the days The lower values of the mixing height at 
the greatest phase time seem to be due to the solar eclipse only while the lower value 
of the mixing height at the onset time can be due to the presence of a cloud patch at 
that time over the sounder Compared to this, the mixing height of the boundary 
layer at Tarapur shows the distinct effect of the solar eclipse on 16 February 1980 



Table II 

Data of mixing height and tempetafute structure paiameter on and around the solar eclipse day at NPL, New Delhi and M M L , Taiapur 


Date 

Time of the Day 
or Eclipse Stage 


NPL 



TARAPUR 



Visibility 

condition 

Plume 

Height 

(SODAR) 

m 

Mixing 

Height 

m 

C T S at 

100m 

(SODAR) 

Visibility Plume Mixing 

Condition Height Height 
(SODAR) m 

Cr 2 at 
60m 
(Tower) 

15 2.80 

Around 1430hr 

Intermittent Clouds 

210 

980 
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A clear recovery of the mixing height during the recovery phase is seen compared to a 
normal day where only the effect of advancing time of the day is seen. 

A decrease in the instability of the boundary layer during the solar eclipse has 
been more clearly shown by the computed values of the thermal structure parameter 
C r 2 which is an indicator of turbulence in the atmosphere. From Table II, it is clearly 
seen that C T 2 has the lowest value at the time of greatest phase of the solar eclipse at 
both the places compared to the values at the onset and end time of the solar eclipse 

Global and UV Solar Radiation 

As indicated m Table I, global solar radiation and the ultraviolet component 
(290-385m) of the solar radiation were also studied at Tarapur during the solar 
eclipse of 16 February 1980. It was seen that these radiations were affected consider¬ 
ably, as expected, by the solar eclipse. The behaviour of the observed UV component 
of the solar radiation and the obscuration percentage is shown in Fig. 5. It is seen 
that as the eclipse progressed, the radiation progressively showed a decrease, became 
steady Hnring the period of the greatest phase and rose to normal value again after 
the solar echpse. Further, it is seen that the fall m the UV radiation during the first 
contact and the second contact of the echpse was steeper compared to the recovery 
phase, the fall m the UV radiation due to obscurity compared to a normal day value 
(shown dotted) has been 81 per cent at the peak and 33 and 27 per cent respectively 
at the mid point of the first and second contact and in the recovery phase Taking 
into account the observational errors in the UV measurements, it is considered that 
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Fig 5 Variations of the ultraviolet radiation intensity and obscuration percentage during the solar 
eclipse at Tarapur. 




CHANGE IN ATMOSPHERIC PROPERTIES 


233 


the change in the observed UV radiation is purely due to the covering of the disc, 
however, the pattern of the fall during the first and second contact and the recovery 
phases of the eclipse seem to indicate that radiation may not be uniform over the 
whole of the solar disc 

Though both these radiations reduced during the eclipse period, their diffe ren ce 
in behaviour was studied by looking at the ratio of UV to total solar radiation. 
However, this ratio could be studied only at the peak eclipse time and at the pre¬ 
eclipse time It could not be calculated accurately at other times of the eclipse «nnm 
the global solar radiation measuring system developed some trouble and the chart 
speed of the record of the total solar radiation was small and even a nrntay <» 0 f 3 
minutes would have given an error of 10 per cent in the ratio. On the other hand, at 
the peak of the solar radiation, both the radiations could be read accurately because 
of the exact identification of point on the chart as also due to the flatness of variation 
in the radiation at this point. The ratio was found to be the same (5 X 10r 3 ) at both 
the peak eclipse time and at the pre-eclipse time. 

Conclusions 

The observations made by sodar and other tower mounted meteorological instruments 
on the event of the solar eclipse of 16 February 1980 clearly show that the atmospheric 
instability during the solar eclipse has fallen below its normal value. These observa¬ 
tions have also shown that sodar can be used as an effective tool to study the stability 
of the atmosphere The fall in atmospheric instability during the solar eclipse has 
resulted m a fall m the atmospheric mixing height, a parameter of great value in 
hazardous situations of air pollution 

The decrease in instability during the eclipse period at Bombay (19°1'N, 72°55’E) 
has also been inferred by Kotrappa et al (1981) from measurements of radon. Radon 
originates from earth’s crust and diffuses in the atmosphere. The concentration of 
radon increases with the decrease m the atmospheric instability. During eclipse radon 
concentration seemed to have increased from the pre-echpse and post eclipse value 
of 56 pci/m 3 to 86 pci/m 3 , indicating a fall in the instability of the atmosphere 

The sodar echograms at none of the two places have shown the formation of 
stable atmosphere. Wave motion has been seen on the sodar echograms which may 
have indicated the presence of stable atmosphere m the boundary layer 

References 

BARC (1974) Climatological Summary for Tarapur Atomic Power Station Site for 1971 Rep No 
BARQ1-300, Meteorology Group, Environmental Studies Section, Health Physics Division, 
BARC, Bombay 

Kotrappa, P., Maya, Y S, Dua, S K , and Gupta, P C (1981) Increase in ground level concen¬ 
tration of radar during solar eclipse Health Phys, 1981 
Little, C G (1969) Proc IEEE, 57, 571 

Smgal, S P, Aggarwal, S K, and Gera, B S (1980) J scient ind Res, 39, 73 
Singal, S P, Dutta, H N, Gera, B S, Aggarwal, S K, and Saxena, M. (1978) Acoustic sounder 
(SODAR) Centrop Rep No 28, NPL, New Delhi. 



232 


RAMESH K. KAPOOR et dl. 


A clear recovery of the mixing height during the recovery phase is seen compared to a 
normal day where only the effect of advancing time of the day is seen. 

A decrease in the instability of the boundary layer during the solar eclipse has 
been more clearly shown by the computed values of the thermal structure parameter 
C r 2 which is an indicator of turbulence in the atmosphere. From Table II, it is clearly 
seen that C T 2 has the lowest value at the time of greatest phase of the solar eclipse at 
both the places compared to the values at the onset and end time of the solar eclipse 

Global and UV Solar Radiation 

As indicated m Table I, global solar radiation and the ultraviolet component 
(290-385m) of the solar radiation were also studied at Tarapur during the solar 
eclipse of 16 February 1980. It was seen that these radiations were affected consider¬ 
ably, as expected, by the solar eclipse. The behaviour of the observed UV component 
of the solar radiation and the obscuration percentage is shown in Fig. 5. It is seen 
that as the eclipse progressed, the radiation progressively showed a decrease, became 
steady Hnring the period of the greatest phase and rose to normal value again after 
the solar echpse. Further, it is seen that the fall m the UV radiation during the first 
contact and the second contact of the echpse was steeper compared to the recovery 
phase, the fall m the UV radiation due to obscurity compared to a normal day value 
(shown dotted) has been 81 per cent at the peak and 33 and 27 per cent respectively 
at the mid point of the first and second contact and in the recovery phase Taking 
into account the observational errors in the UV measurements, it is considered that 



£ 

a 

z 

o 


< 

DC 

3 

O 

00 

CO 

o 


Fig 5 Variations of the ultraviolet radiation intensity and obscuration percentage during the solar 
eclipse at Tarapur. 
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the sun is measured as an increase or decrease of the relative power as the case may 
be over the sun level The magnitude of the sun level is calibrated by means of an 
argon discharge noise source, where a known amount of power corresponding to the 
difference m the sky and the sun level is introduced by adjusting the calibrated attenu¬ 
ator This then gives the power at the sun level The radiometer at 22 235GHz is 
working m the emission mode and looking at the zenith (Uppal et al, 1979) Any 
change m the water level is measured as an enhancement of the antenna temperature 
over the sky level It is also calibrated by means of an argon discharge noise source. 

Both the systems are basically Dicke-type where radiations directed into the 
antenna are compared to the radiations from an internal load maintained at a constant 
temperature The comparison is made at the modulation frequencies of 45Hz and 
90Hz respectively. The radiometer output is recorded on the chart recorder. The 
sensitivity of the systems are 5 °K and 3 °K respectively The radiometers were conti¬ 
nuously m operation 48 hours before and after the event 

Results and Discussion 

Fig. 1 shows the vanation of the microwave radiations from the sun at 11 GHz 
during the period of the eclipse This is the original record and as seen, we find that 
as the eclipse progressed, the microwave radiations showed a vanation between 1 to 
2dB from the sun level. However around 15h 47m (maximum phase) there was a 
sharp pip of 6dB for a duration of 20 seconds after which the vanation m the radia¬ 
tions continued to vary between 1 to 2dB This sudden change could be due to the 
difference m geometry between the leading occulting edge of the moon and the trailing 
uncovering edge, so that source would be covered m a relatively short period of time 
producing a sudden change on the record but would be uncovered much more gra¬ 
dually, producing a much smaller but more prolonged distortion m the record 
(Croom & Powell, 1967) 

Fig 2 shows the variation of water vapour during the period of the eclipse 
As seen there is a variation of around 10 to 15 °K This corresponds to the enhance¬ 
ment of around 0 6 to 0 8dB In terms of water vapour content this amounted to the 
variation between 0 84 X 10 4 gm/m 2 to 0 86 X 10 4 gm/m 2 This was calculated by using 
an inversion technique (Vandana, 1979) and the equation 

T a = 1 34 X 10’ 3 ^+3 5 

where T a is the observed antenna temperature from the radiometer m °K and W is 
the integrated water vapour content m gm/m 2 

The enhancement over the sky level and subsequent increase in the water vapour 
content could be due to the formation of water vapour clusters This possibility is 
being further studied and detailed work is underway 
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Fig 2 Variation of water vapour at 22 235GHz during the period of eclipse. 
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Pressure variations recorded at three stations situated in the penumbral region 
during the total solar eclipse on 16 February 1980, have been analysed to study 
eclipse induced effects, if any By statistical analysis, it has been established that 
the eclipse has produced pressure perturbations observable at the ground level 
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Introduction 

Chimonas and Hines (1970) and Chimonas (1970) proposed that the supersonic 
movement of a cold region in the atmosphere due to the passage of the lunar shadow 
during a solar eclipse produces a ‘bow wave’, comprising of internal atmospheric 
gravity waves They examined, in particular, the effects of cooling of ozonosphere 
and predicted that internal atmospheric gravity waves can be observed as piessure 
perturbations at ground level and as Travelling Ionospheric Disturbances (TIDs) at 
ionospheric levels At an observation site located at a great distance from the extended 
source region, waves with shorter wavelengths will be attenuated while at locations 
close to the source, these dominate The predicted fractional pressure perturbation 
level is nearly lOr 5 at ground and 10"” 1 at 200km altitude at locations about 10000km 
perpendicular distance away from the eclipse totality path There are reasonably good 
observational evidences of detection of eclipse induced wave-like disturbances at 
ionospheric levels (Davies & da Rosa, 1970, Vaidyanathan el al, 1978, and Butcher 
et ah 1978). 

Observations at giound level have not been conclusive in this respect, despite 
many attempts by various workers Anderson et at (1972) reported ground level 
atmospheric pressure perturbations at a station situated m the path of totality of 
7 March 1970 solar eclipse The reported amplitude is quite large (^500^) com¬ 
pared to the predicted one (Chimonas, 1970). To explain this departuie, Chimonas 
(1973) considered the generation of Lamb waves due to the cooling of tropospheric 
water vapour dunng a solar eclipse Later reports by Anderson and Keefer (1975) 
and Jones and Bogart (1975) for the 30 June 1973 eclipse indicated a null lesult 

Many of the earlier observations weie single station observations It is difficult 
to bring out unambiguously, the eclipse effects from observations at a single location 
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especially when the expected amplitude of the eclipse induced variations are much 
smaller than the normal variations However, if observations are made at 2 or more 
number of widely separated locations, the criteria that any eclipse induced effect 
should be similar m nature at all the locations can be applied to extract the eclipse 
effects from the data 

With this in view, an array of thiee pressure sensors has been set up in the 
penumbral zone of the total solar eclipse of 16 February 1980 in India Statistical 
methods have been applied to extract the presence of any similar vari atio ns m the 
data at the three stations. The results of this investigation are presented in the 
following sections 


Pressure Sensors 

The pressure sensor used is essentially an air-flow meter which measures the atmos¬ 
pheric pressure variations with respect to the pressure of a reference vol ume main¬ 
tained at a constant temperature. The sensing element consists of a network of 
sensitive thermistors The instrument is similar to the one analysed by Fehr and 
Gazley Jr (1967) The sensors have been calibrated for sinusoidal pressure variations 
for periods of 1mm and 10mm For longer periods, the calibration is obtained by 
extrapolation using these values along with the theoretical frequency response curve 
of the sensors 

The sensors were deployed at Trivandrum (TVM, 8°36'N, 76°57'E), Gaun- 
bidanur (GBN, 13°36'N, 77°26'E) and SHAR (13°36’N, 80°18'E) the locations of 
which are shown in Fig 1 It may be noted that SHAR and Trivandrum are due 
east and south (very nearly) of GBN respectively The percentage obscuration of the 
solar disc by diameter is indicated in the figure in terms of percentage ranges (80-89 
& 90-99 per cent) 


Analysis and Results 

The data, recorded on pen recorders, are scaled at 10mm intervals The scaled values 
are plotted as shown in Fig 2 for 16 February 1980 (day of eclipse) and 18 February 
1980 (for comparison), for Tuvandrum and Gauribidanur The three arrows in the 
figure indicate the times of first contact, maximum phase and last contact of the 
eclipse 

The data in the figure do not show prominently the expected semidiurnal pressure 
oscillation with the maxima at lOOOhr and 2200hr for an equatorial station 
This is because the response of the sensors is very weak for such long penod variations 
which is also affected by the diurnal temperature changes It has been found experi¬ 
mentally as well as from estimates of thermal time constants of the system, that the 
pressure sensors are insensitive to temperature variations with periods less than about 
5 hours Any variations m the data with periods less than 5 hours represent only the 
pressure variations 

As can be seen from Fig 2 theic is general similarity between the variations on 
16 and 18 February 1980 at each of the stations prior to the commencement of the 
eclipse During the eclipse and a little later, there are veiy significant departures m 
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the variations on the eclipse day from those on February 18. This type of departures 
is also observed in SHAR data (not shown in the figure;. 

As the eclipse induced disturbances may contain components with periods less 
than about 4 hours, it is necessary first to remove longer period components from the 
data which could be much larger m amplitude than the shorter ones. In order to 
remove the long period components, namely 24 hours, 12 hours, 8 hours and 6 hours 
without affecting the shorter period components, the data are subjected to harmonic 
analysis for each of the days separately after subtracting any linear trend in the data. 
The amplitudes of the steady (P„), 24hr (PJ, 12hr (Pj), 8hr (PJ and 6hr (PJ compo¬ 
nents along with the phases of the harmonic components are thus determined. These 
components can be summed up as, 

P* (0 «= P 0 -b y Pa sin 0 mt + ®„). 

2*r 

where « — (rad/mm), and n —1,2,3,4 

Using P*(t), two senes of residuals are obtained which can be expressed as 

A Pi = ( Pt ) — P»(f) (upto n = 2) 
and A?i — P(0 - P*(t) (upto n — 4) 
where P(f) is the onginal data. 

In harmonic analysis, it is implicit that the harmonic components are present 
throughout the length of the data maintaining their respective phases. While this 
could be the case for diurnal and semidiurnal components it might not be so for 8hr 
and 6hr components especially because of the contamination of the data due to 
temperature effects. If the components are not present throughout the length of die 
data or present only in some segments of the data, then the data reconstructed [P»(f) 
in the present notation] by using the harmonic coefficients would be in error. We 
considered both AP* and AP« in the following statistical analyses with a view to 
see the effect of contamination by spurious components, if any, in the residuals due to 
harmonic analysis of the data. 

The residuals A P 4 thus obtained are presented m Fig. 3 for the eclipse day from 
1200hr to 2400hr 1ST. The times of first contact, maxim u m phase and last contact 
of the eclipse are marked by dotted, continuous and dashed lines respectively drawn 
parallel to the ordinate. A comparison of the vanations in AP 4 at the three stations 
reveals their similarity during the eclipse period. The most conspicuous similar feature 
is the trough in AP 4 which occurred a little later than the eclipse maximum phase. 
Soon after the first contact a positive excursion occurred in A P 4 This one and the 
positive excursion which occurred after the trough are not exactly similar at the three 
stations. This probably is due to the contamination by some local variations. At other 
times than the eclipse period, there are no striking similarities between AP 4 vanations 
at the three stations. 

We show in Fig. 4, AP4 on another day (17 February) for the same duration 
(i.e., 1200hr to 2400hr). It is evident from Fig 4, that no such similarities 
in A P 4 variations at the three stations as on 16 February during the eclipse period, 
occurred during the same or any other period. So Figs. 3 and 4 clearly indicate the 
presence of a pressure disturbance simit ar in nature at the three stations attributable 
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Fig 3 Aon 16 February 1980 


to the eclipse effect The residual AP 2 showed similar features as AP* on eclipse 
day and the normal day 

In order to establish on a quantitative basis the presence of pressure disturbance 
attributable to solar eclipse effect and to extract the common components present in 
the residual data at the three stations, statistical methods are applied If such a 
disturbance is present, then the data should satisfy the following requirements on a 
quantitative basis 

(1) Any disturbance due to the eclipse should be similar at all the three stations 

(2) At each station, such a disturbance should not be present at any other time 
on the eclipse day and also on a reference day at the eclipse time 

In order to increase the number of data samples, the raw data are scaled at 
intervals of one minute for the period lOOOhr to 2200hr on the eclipse day and for 
1400hr to 1900hr on 17 and 18 February 1980 which serve as reference days Using 
the harmonic coefficients determined for the respective days, A P 4 are obtained at 
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one minute intervals for each of the days for the periods mentioned above The A P i 
values thus obtained for the period 1000-2200hr on the eclipse day are divided 
into overlapping four hour segments with each successive segment shifted by 
one hour, like 1000-1400hr, 1100-1500hr, 1700-2100hr and 1800-2200hr. Cross 
correlograms for all the three station pairs (1 e) TVM-GBN, GBN-SHAR 
and TVM-SHAR have been obtained for a total of +140 and —140 lags (1 lag <= 
1 min ) for each of the segments These are shown in Figs 5a and b for TVM-GBN, 
Figs 6 a and b for GBN-SHAR, and Figs la and b for TVM-SHAR For a station 
pair viz, TVM-GBN, positive lags mean TVM leading GBN and negative lags mean 
the other way The total number of data samples in the cross correlograms is m the 
range of 240 to 100 corresponding to 0 to ±140 lags 

The cross correlogram for 1000-1400hr (corresponding to a period prior to the 
eclipse) of TVM-GBN shows a trough-like structure with minimum around zero time 
lag while that of TVM-SHAR shows a linear trend starting from a positive correlation 
for negative lags to a negative conelation for positive lags. GBN-SHAR correlogram 
for the same period also shows a linear trend but with opposite slope to that of 
TVM-SHAR As the time segment is shifted towards the 1400-1800hr segment 
which covers the eclipse period, not only the correlation builds up but also the 
correlogram patterns of the three pairs of stations become more and more similar 
For the later time segments, the correlograms become gradually dissimilar to each 
other. 
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The correlograms m Figs. 5 to 7 clearly show that the correlations build up and 
exhibit similar patterns for all the three pairs of stations for the time segment 1400- 
1800hr (covering the eclipse period) compared to any other four hour segment 
(from 1000 to 2200hr) We show in Fig 8, cross correlograms on 17 February 
for the three station pairs for the segment 1400 to 1800hr In striking contrast to 
the correlograms on the eclipse day for the segment I400-1800hr, these show 
dissimilar patterns and also lower correlations. The correlations for the other refer¬ 
ence day of 18 February 1980 for the period 1400-1800hr, also are dissimilar 
(not shown in the Figure) to each other. 

The results of the correlation analysis described above are summarized m Table I 
for the time segment 1400-1800hr. In this we show the maximum correlation 
coefficients along with the corresponding time lags (delay) for both the residual senes 
APi and AP 4 . 
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Table I shows that the correlation coefficients are greater on 16 February for all 
the three station pairs for both APz and A Ft as compared to the corresponding 
coefficients on the other two days There is very much less variability between the 
correlation coefficients obtained with AP 2 and AP t on 16 February, than on the 
other two days Time delays obtained with APz and AP t are in good agreement 
with each other on 16 February. In marked contrast, the delays obtained with A P 2 
and AP 4 are very much different from each other on 17 and 18 February It has also 
been found that the correlogram patterns for AP 2 and AP 4 are similar for a station 
pair on 16 February whereas they are quite different on the other two days. 

Table I shows as described above that the correlations are quite consistent 
whether APz or AP 4 is considered, on 16 February. The correlograms with AP 2 
showed similar results as with A P 4 This indicates that the strong correlations and 
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Table I 


Date 

Stations 

Pair 

Correlation 
coefficient 
(A Pt) 

Delay 

(Mm) 

(A-P.) 

Correlation 
coefficient 
(A A) 

Delay 

(Mm) 

(a/> 4 ) 


TVM-GBN 

0 87 

+24 

071 

+n 

16-2-80 

TVM-SHAR 

0 75 

+150 

0 50 

+ 116 


GBN-SHAR 

0 71 

+129 

0 82 

+ 113 


TVM-GBN 

0 38 

+ 137 

0 45 

-8 

17-2-80 

TVM-SHAR 

0 80 

+195 

0 50 

+ 134 


GBN-SHAR 

0 42 

+ 180 

0 50 

-8 


TVM-GBN 

0 52 

—117 

0 63 

-77 

18-2-80 

TVM-SHAR 

0 59 

+49 

042 

+45 


GBN-SHAR 

0 37 

-189 

0 62 

+ 112 
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the similar patterns of correlograms are due to a real effect present m the data but 
not due to any spurious variations introduced in AP 2 or Abecause of any possible 
discontinuities or, absence for a short period, of the harmonic components determined 
by the harmonic analysis 

All the statistical analyses described above, establish beyond any reasonable 
doubt that a pressure disturbance which is similar m pattern at all the three stations 
is indeed presented during the period covering the eclipse on 16 February 1980. We 
subjected the residual data A P 4 for the period 1400—1815hr (making the number 
of samples as 256) to FFT analysis m order to obtain the spectral composition of the 
disturbance Here again, we divided the data covering the eclipse period into over¬ 
lapping segments of 128 minutes (having 128 data samples) with each segment shifted 
by 30 minutes starting from 1400hr and the last segment ending at 1807hr 
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FEB 16,1980 



The reason for this again is that the individual wave components may not be present 
throughout the length of the data (m fact, the disturbance starts only after the first 
contact of the eclipse) Though, we loose information on longer periods than 128min 
by this segmenting, the information on the shorter period waves would be quite 
reliable Before subjecting to FFT, the data have been detrended by linear regression 
method. 

The amplitudes of the spectral components are converted to powers. The power 
spectra thus obtained, of the 5 data segments are averaged. The average power spectra 
for the three stations, TVM, GBN and SHAR are shown m Fig. 9 and the power 
spectra for the entire data segment from 1400-1816hr 1ST are shown m Fig. 10 
Because of the smaller data length, the average spectra (Fig 9) have less resolution 
than the one for entire data length (Fig 10). 

In both the power spectra (Figs. 9 & 10) for all the three stations, the 128min 
component stands out very prominently over other components. This clearly indi- 
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TVM-SHAR 



Fio lb Cross correlograms for TVM-SHAR for the last four segments 

cates the reality of this component A peak around 16mm is shown in Fig. 10 for 
all the three stations In Fig 9 also this peak is shown but with a little shift for GBN 
The 32min component which is indicated in Fig 9, is present only for TVM and 
GBN in Fig 10 Except these, no other significant component appeared at all the 
three or at least two stations either in the averaged (Fig 9) or the total data (Fig 10) 
spectra This means that the eclipse induced pressure disturbance mainly consists of 
128min, 32mm and 16min components 

Discussion 

The foregoing results establish unambiguously the presence of eclipse induced pres¬ 
sure disturbances on 16 February 1980 Spectral analysis revealed the presence of a 
strong 128min component and weaker 32 and 16min components From the sensor 
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« GBN-SHAR 
O TVM-SHAR 



Fig 8 Cross correlograms for TVM-GBN, GBN SHAR and SHAR-TVM for the period 
1400-1800hr on 17 February 1980. 

calibration, the amplitude of the pressure disturbance as shown in Fig. 3 (average of 
positive and negative peaks) is estimated as 500/ib (approx) for TVM and GBN 
and 400/ib (approx ) for SHAR, taking that the disturbance is mainly composed of 
128min component 

Anderson et al (1972) reported ground pressure changes during the 7 March 
1970 solar eclipse The peak to peak amplitude of the main perturbation was about 
750/tb Spectral analysis showed a dominant 89mm component with 250#tb ampli¬ 
tude followed by shorter periods upto 12 3 min with amplitudes less than one fourth 
of the 89 mm component. Anderson et al presented a summary of earlier observations 
which, m general, indicate the occurrence of pressure perturbations with amplitudes 
ranging from 100 to 450/ib, associated with solar eclipses Later, observations by 
Jones and Bogart (1975) in northern Kenya and Anderson and Keefer (1975) in 
Chmguetti, Mauritania, during the 30 June 1973 solar eclipse, produced null results 
Both these observing sites are situated near the path of totality Anderson and Keefer 
attributed the null result to local weather conditions Observations by Jones (1976) 
at two sites situated at a range of about 2500km from the centre of the eclipse path, 
during the 86 per cent solar eclipse of 11 May 1975 indicated the occurrence of 
pressure perturbations 

So far, all the observed pressure perturbations (including the results of the 
present investigation) point to a large amplitude of a few hundreds of microbars 
(100-500/»b) and periods m the range of about 1-2 hours The amplitude is much 
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Fig. 9 Average power spectrum. 
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Fig 10 Power spectrum for the period 1400-1815hr 
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above the predicted one due to the ozonosphere source Chimonas (1973) invoked 
tropospheric water vapour source to explain the large amplitude of the pressure 
perturbations due to solar eclipse He showed that Lamb waves generated by the 
cooling of tropospheric water vapour and the supersonic movement of the cooled 
region, would be generating perturbation amplitudes of about 300/»b. He considered 
the contribution due to internal gravity waves from tropospheric water vapour source 
to be insignificant, because of the constiamts on the source volume He also showed 
that significan t internal gravity waves would not be generated due to the tropospheric 
source unless the modulus of their vertical wave number is greater than 

(l-y/2)g/c 2 

where y is the ratio of specific heats, g is the accleration due to gravity and c is the 
sound speed. 

The present observations as well as the earlier ones reported by others lead 
support to the Lamb wave hypothesis of Chimonas (1973) as far as the observed 
amplitudes are 1 concerned Final confirmation of this and establishment of inadequacy 
of internal gravity wave source to explain the observed features can come through 
observations on propagation characteristics of the perturbations 

The three observation sites in the present investigation are located m the penum- 
bral region of the eclipse The obscuration areas at TVM, GBN and SHAR are 
80,93 and 91 per cent respectively, of the area of the solar disc It is quite reasonable 
to consider that the tropospheric source region extends upto about 0.5 obscuration, 
m which case all the three stations are in the source region. (It may be noted that 
TVM has generally high humidity levels, compensating for the smaller area of 
obscuration). Because of this, the disturbance patterns would not be fully developed. 
In the case of stations situated in the far field zone of the source region one would 
observe fully developed patterns. Thus, time delays between similar wave compo¬ 
nents at the three stations (which can be obtained from the phase information in FFT 
analysis) or the time delays in the cross correlograms cannot be interpreted as propa¬ 
gation time delays for estimating the speed and wavelength of the wave components 
or the disturbance For this, the stations need to be situated m the far field zone But, 
in this case there is a nsk of attenuation and/or modification of the wave components 
by orographic features during the propagation over long distances In fact, some of 
the earlier observations at locations far away from the source, which produced null 
results, might have suffered from this drawback apart from the distinct possibility of 
lack of sufficient tropospheric water vapour over the eclipse path 
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BOUNDARY LAYER STUDIES CONDUCTED AT GADAG DURING THE 
TOTAL SOLAR ECLIPSE OF 16 FEBRUARY 1980 
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Special meteorological observations during the penod covering total solar eclipse 
of 16 February 1980 were arranged at Gadag (Lat 15°24'N, Long 75°38'E) which 
lay in the path of totality of the eclipse to study the changes occurring m the 
lower boundary layer Wind speed, wind direction, temperature and humidity 
instruments were installed on a micro meteorological tower at four levels 1 2m, 

3 3m, 6 5m and 13 5m meter above ground and the observations were continuously 
recorded on strip chart recorders The results of these observations are presented 
in this paper. 

Keywords: Atmospheric Boundary Layer; Meteorological Parameters; Micro- 
meteorological Tower; Temperature & Wind Sensors; Wind-vane 

Introduction 

During the total solar eclipse of 16 February 1980 India Meteorological Department 
arranged for special observations at all the existing observatories in oi near the path 
of totality Two expedition teams also organised and established special observation 
stations at Gadag and Raichur, where a comprehensive observations programme 
was mounted to study the effect of the total solar eclipse on the meteorological 
parameters, especially those in the earth’s immediate boundary layer The present 
paper deals with the micro-meteorological observations conducted at Gadag on 
15, 16 and 17 February 1980 near the earth’s planetary boundary layer 

Instrumentation 

A micro-meteorological tower was set up in an open field free from obstructions in 
the J T College campus, Gadag, where the India Meteorological Department had 
set up various experiments during the total solar eclipse expedition (Fig 1) 

Temperature sensors (D.B. & W.B.) were installed at four levels, viz 1 2m, 3 3m 
6 5m and 13 5 metres above ground on the micro-meteorological tower, The sensors 
used were YSI thermistor composite which produces a linear resistance ( R T ) change 
with temperature and have the following specifications 

R T *= (—32 402) T± 4593 39, T in °C 

Thermistor absolute accuracy and interchangeability «± 0 15 °C 


*IMD, Pune 
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Linearity deviation =±211 ohms 

Sensitivity ■= 32 402 ohms/ °C 

Time constant The time required for the thermistor to indicate 63 per cent of a 
new impressed temperature, in free air, lOsec. 

In order that the thermistor thermometers would measure the true air tempera¬ 
ture, the sensors were housed in louvred radiation shields made out of polished, ano¬ 
dised aluminium and mounted on bracket arms at the appropriate heights The out¬ 
put of the thermistors after amplification were recorded continuously on separate 
stnp chart galvanometnc recorders 0-1 mA full scale deflection with internal impe¬ 
dance of 1 5K ohms The chart speed was 60mm/hr. On the temperature scale, each 
division of 2mm width corresponded to 0 5 °C and it was possible to read the tem¬ 
perature values correct to 0 2 °C 

Wind sensors were also installed on the same micrometeorological tower at 
1.2m and 13 5m above the ground The wind sensors consisted of specially designed 
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and laboratory tested photo-electric anemometers and potentiometnc wind vanes. 
The anemometers were provided with very light weight cups mounted on a fnctionless 
shaft and the threshold speed was found to be 0 3kt The speed sensing was made 
infrared LE.D with infrared solid state copper detector, thus reducing 
the magnetic drag normally present in a cup-generator type anemometer. The ane¬ 
mometer output was suitably amplified by a solid state amplifier and recorded on a 
strip chart galvanometric recorder. 

The potentiometnc wind-vane consisted of a very low torque (3gm cm ) conti¬ 
nuously variable potentiometer coupled to a geared output of 1*2. The wind direction 
record was also obtained continuously on the stnp chart recorder. 



Fig 3. 
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Data 

Dry bulb and wet bulb temperature as recorded at levels 1 2m, 3.3m, 6 5m and 13.5 
meters of the micro-meteorological tower have been plotted in Fig 2A, 2B, 3 & 4 
for 15, 16 and 17 February 1980. Wind data of 16 and 17 February 1980 from 
1.2m and 13.5m levels have been plotted in Fig 3. 

VERTICAL PROFILES OF TEMPERATURE 
FROM MICROMET TOWER, (6AOA6) 
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Fig 4 


Vertical profile of temperatures as observed from Micro-Meteorological tower 
at Gadag for 16 February 1980 have been plotted in Fig 4 to enable a detailed 
study of temperature variation in the vertical, dunng the eclipse 

Discussion 

Analysis of micromet data in Figs. 2A and 2B reveals the following salient features 
CO At all levels both the Dry bulb and Wet bulb temperatures were lower on the 
16 February 1980 dunng the entire duration of eclipse than on the 15 and 17 February 
1980 dunng the same time over Gadag 

(n) The m a x i m um fall of both the Dry bulb and Wet bulb temperatures have been 
recorded at all levels cf the tower on 16 February 1980 few minutes after the 3rd 
contact over Gadag 
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Fig. 4 gives the vertical profile of air temperature at 30 minutes interval between 
1400hr and 1800hr on the 16 February as recorded by the micrometeorological 
tower at Gadag. It is interesting to note that during the period of eclipse temperature 
inversion was noticed upto 1800hr 1ST as tabulated below (Table I): 


Table I 


Time 

in 

1ST 

Height of base 
inversion layer 
(in meter) 


Thickness 

i 

(*1-*i) A*/ 

From (hj) 
(metre) 

To (h,) 
(metre) 

1400 

6.5 

65 

13 5 

(31.7-30.7) = 10°C 

1430 

33 

33 

13 5 

(32 3 — 31.2) = 1.1 °C 

1500 

33 

33 

13 5 

(318-30.4)-1.3 °C 

1530 

12 

12 

13 5 

(312 - 302)-1.0 °C 

1600 

33 

33 

13.5 

(30.8 — 29.6) = 1.2 °C 

1630 

3.3 

33 

13.5 

(32.1 — 30.7) —1.4 °C 

1700 (i) 

12 

12 

3.3 

(31.7 - 31.5) = 0.2 °C 

00 

65 

65 

13.5 

(32 0-31.4)-0.6 °C 

1800 0) 

12 

12 

3.3 

(306 — 30 3) = 0.3 °C 

00 

65 

65 

13 5 

(312 —30 5)-0.7°C 


* t 1 — temperature corresponds to h x 


t, = temperature corresponds to h. 

The maximum temperature inversion of 1.4 °C occurred at 16.30hr. The height 
of the base of the inversion was at 3.3 meters above the ground. 

From the above table it is also noticed that the height of the base of inversions 
was gradually lowered from 6.5 to practically near the surface 1700hr and at 1800hr 
it showed double inversions between 1 2m and 13 5m levels 

Another special feature that is prominent m the micro-meteorological obser¬ 
vations is that with the progress of the eclipse, the winds became lighter and died 
down to almost a dead calm at the time of totality The wmd speed and direction at 
1 2m and 13.5m on 16 February 1980 are shown m Fig. 3. The wind data on a typical 
day 17 February 1980 are also shown for comparison. The stillness resulted in damping 
of all mixing processes in the earth’s planetary boundary layer. 
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PHOTOELECTRIC OBSERVATIONS OF SHADOW BANDS DURING 
16 FEBRUARY 1980 TOTAL SOLAR ECLIPSE FROM 
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Intensity fluctuations of shadow bands observed photoelectncally during total 
solar eclipse of 16 February 1980 are reported Power spectrum analysis indicates 
that significant power appears at frequencies 0 32 and 0 58Hz, thus corresponds 
to periods of 3 and 1 7 seconds 

Keywords Shadow Bands; Photoelectncs; Power Spectrum Analysis 


Introduction 

During the total solar eclipse of 16 February 1980, an experiment was conducted to 
determine the period and intensity fluctuations due to the shadow bands, from 
Japal-Rangapur Observatory campus 

Just before the totality, conspicuous bright and dark bands have been observed 
moving on the ground, these are called the shadow-bands and are known to travel 
randomly at high speed Several attempts have been made in the past to photograph 
these shadow bands, but due to high speed and low light level, it has not been possible 
to photograph them, except for one photographic record on the wings of an aircraft 
Our attempt was to measure the light fluctuations using photo cells and recording at 
high speed 


Experimental and Results 

Three photocells were placed on the ground to form an equilateral triangle, each 
separated by about 18-inch apart and were connected to a four channel fast-strip 
chart recorder, with a high gain built-m amplifier The sensitivity of the built-in 
amplifier was kept at 100 millivolts/cm and the response frequency of the recorder 
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wrs 50Hz A chart speed of 50mm pci second was used to record the shadow band 
intensity fluctuations Out of the three channels one performed very well, while the 
other two did not work A record of the light intensity variation is shown m Fig. 1 
From the photoelectric tracing it appears that the intensity fluctuations due to bands 
started at 15 45 471ST and ended nearly 2 seconds before the beginning of the totality 
Each peak m this record corresponds to bright ribbon of shadow bands 


/ ___ 





Fig 1 Photoelectric tracing of intensity fluctuations of shadow bands 


Fig 2 shows power spectrum of the intensity variations using the Maximum 
Entropy Method (MEM) This analysis indicates that significant power appears at 
frequencies 0 32 and 0 58Hz, thus giving the period of intensity fluctuations of shadow 
bands as 3 and 1 7 seconds The peaks other than frequencies at 0 32 and 0 58Hz are 
neglected because of their extremely low power MEM analysis also indicates that the 
power spectrum is non-Gaussian. 



Fig 2 Power spectrum oi the intensity variations of shadow bands 


Visual observations by several observers at Rangapur indicate that the shadow 
bands were wavy in appearance and travelled extremely fast from north-west direction 
and were separated approximately by about 8 to 12 inches The bands were quite 
conspicuously visible on dull brownish gravel ground and also on white surfaces 
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Results of solar eclipse observations conducted at Nagarampalam near VishaJkha- 
pattanam (X=7 723N, ^=»148 65E Geomagnetic) are presented Observed 
variations m atmospheric conductivities, potential gradient and air earth current 
are explained by correlating them with the variations m solar wind flux on earth 
(as a result of eclipse by moon) and the resulting change m atmospheric ioniza¬ 
tion Observations by previous workers, of a different pattern of variation m 
conductivity during solar eclipse of high latitudes, have also been explained on 
the same theoretical basis While there are marked solar eclipse changes m the 
atmospheric electrical parameters, no definite effects on meteorological para¬ 
meters have been observed 

Keywords: Atmospheric Electricity; Sun-Weather Relationship; Solar Activity; 
Cosmic Rays; Thunderstorm Activity 


Introduction 

Atmospheric electrical parameters were continuously recorded during the total solar 
eclipse of 16 February 1980 The aim was to obtain a definite view concerning the 
effect of the eclipse on these parameters. Both the polar conductivities of atmosphere, 
potential gradient and the air-earth current alongwith the meteorological parameters 
were recorded continuously for three days le, on 15, 16 and 17 February 1980 
Here we describe the mam features of experimental set-up, the site of observations and 
a theoretical explanation for the observed variations m these parameters 
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Experimental Site and Instruments 

For these observations an open space, free from trees etc, was chosen to avoid any 
type of interference. The nearest trees were at a distance of more than 500m from the 
sensors and antennas The site was chosen near the Radio Physics Observatory of 
Andhra University, Waltair, situated at Nagarampalam, about 15km from the 
University campus All the effects of sea breeze and land breeze could also be observed 
as the site was not far from the sea coast. 

The negative and positive conductivities were measured by two Gerdian Cham¬ 
bers (see Fig 1) of critical mobility 3 x lO^nA^s -1 (l e, all the ions below this 
mobility could be caught by the central cylinder to contribute to current). The air 
was sucked at the rate of lms -1 Current signal, amplified by electrometer, was re¬ 
corded on a chart recorder. The air-earth current was collected by lm 2 circular 



Flo 1 Vertical Section through Gerdian apparatus tube 


aluminium plate with a capacitor shunted across the high resistance of electrometer 
which gave a time constant of about 9min, as suggested by Kasemir (1955), to remove 
the displacement currents. The potential gradient was measured by the passive antenna 
(Figs 2 and 3) as described by Crezier (1963). 

Alongwith these electncal parameters, the meteorological elements, like wind 
speed and its direction, temperature and humidity were also recorded with appro¬ 
priate recorders. 
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Observations and Interpretations 

The observed variations in the electrical parameters are shown in Figs 4-7. Figs. 4 
and 5 show the increase in polar conductivities which become maximum at the time of 
maximum phase of the eclipse (0 95). This increase can be attributed to the solar wind 
particles. During the eclipse, the moon obstructs the passage of solar wmd particles 
coming towards the earth. The decrease in the flux of these particles (this flux modifies 
the earth’s ma gn etic field) results in an increase of cosmic ray intensity at low latitudes 
and hence m the increase of ionisation at these latitudes This enhancement of ionisa¬ 
tion becomes wholly responsible for increase in polar conductivities. Naturally, the 
increase should record itself with the first contact of the eclipse and should peak at 
the maximum phase, with a time lag corresponding to the atmospheric relaxation 
time. At the high latitudes on the other hand, the atmospheric ionization has a 
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Fra 5 Variation in negative conductivity during solar eclipse and on previous day 
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significant contribution from the solar wind particles, winch, being of low energy can 
reach these latitudes along the magnetic lines of force A decrease in solar wind 
particles due to eclipse results at these high latitudes m a significant of 

conductivity 

According to this approach the variation in conductivities at low and at high 
latitudes should vary in the opposite manner At high latitudes, at the tnru» of 
solar eclipse, the conductivity should decrease, whereas at low latitudes it should 
increase. This type of variation m conductivities at geo magne tic lati tudes (A— 
50 206°N <!> “ 9 805°E) has actually been observed by Anderson and Dolezalek 
(1972) They attributed this to turbulence If this were the effect of turbulence it 
should have the same variation everywhere independent of lattudes, and hence the 
effect of solar eclipse on ionization should be the same at all latitudes which, obviously 
it is not Our explanahon of this observation therefore seems more plausible. 

Fig. 6 shows the variahon in potenhal gradient which starts decreasing after 
about an hour of the first contact, and becomes minimum in about two-and-a-half 
hours Thereafter, it again starts increasing to attain its normal value, soon after last 
contact of the eclipse. The time lag between the rise in conductivity and the fall in 
potential gradient is in keeping with the relaxation time of the atmosphere. 



Fio 6 Variation in potential gradient during the solar eclipse and on previous day 


Fig 7 shows the variation m air-earth current which follows similar qualitative 
trend as the potential gradient One should have expected a large increase m the 
current density J, since the A’s have increased, and the potential gradient remains 
practically unchanged In the beginning this, however, has not happened The explana¬ 
tion may be as follows—there are two sources of electrical energy input to the atmos¬ 
phere one is m the form of solar heating, a part of which contributes to electrical 
energy density, J. E. 
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This part is decreasing during solar eclipse, and the other input which is 
through cosmic ray ionisation, most of which is in the form of electrical power, 
is increasing during solar eclipse at lower latitudes Hence the net contribution to 
electrical energy density, J.E, remains compensated for some time in the beginning 
until the solar heating input reduces considerably When this happens to the extent 
that its contribution to J.E. through lightning activity is highly reduced, the net 
current density also reduces. Reversal occurs when the eclipse passes beyond the 
maximum phase. In both the processes there is a time lag corresponding to the relax¬ 
ation time of atmosphere 

One observation, which is characteristic of experimental site, is the unequal 
variation in negative and positive conductivities Figs 2 and 3 show that the increase 
m A + is more pronounced than that in A_. The reason for this difference is clear 
Earlier, when the wind was coming from the land, both A + and A_ were almost of 
the same magnitude Due to eclipse, when land cooled down and the wind direction 
changed to make it a sea-breeze (Fig 8), A + increased much faster than A_ This 
extra increase in A + may be due to positive space charge, which is produced over 
sea surface (possibly by surfing and electrochemical effect of ventilation) and is 
brought about by the sea-breeze 

Fig 8 gives the variation of a few meteorological parameters, viz, wind direc¬ 
tion, temperature, relative humidity and luminosity The wind direction change from 
land breeze to sea breeze can be noted There is no regular change in humidity The 
luminosity during the near total eclipse was about 1/4000 of the original. 
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Fio 8 Variation in few meteorological parameters 


Conclusions 

These observations show that the atmospheric electric parameters are affected during 
solar eclipse The changes are well attributable to change in flux of solar wind protons, 
which get obscured by moon during eclipse, and consequent change in cosmic ray flux 
reaching earth atmosphere at low latitudes These changes cause an increase in ionisa¬ 
tion at low latitudes, and decrease at high latitudes The electrical parameters are 
accordingly changed, at these respective latitudes, in different ways 
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MEASUREMENTS OF ATMOSPHERIC ELECTRICITY PARAMETERS 
DURING THE TOTAL SOLAR ECLIPSE OF 16 FEBRUARY 1980 
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Continuous recordings of atmospheric potential gradient, polar conductivities 
and positive and negative ion densities were made close to the ground during the 
total solar eclipse of 16 February 1980 at Raichur, India (77°21'E 16°12 / N) 
Measurements of positive and negative electrical conductivities were also made 
on a 15m high tower simultaneously A few low level potential gradient soundings 
were made close to the eclipse time to study the vertical distribution of potential 
gradient at lower troposphere. The results are compared with the measurements 
taken two days before and two days after the eclipse together with the description 
of the instruments used for the above measurements 

Keywords' Atmospheric Electricity; Potential Gradient; Polar CondnctiTity; 

Ion Density; Eddy Turbulence; Polonium 210 Probe; Gerdien 
Cylinder 


Introduction 

The effect of solar eclipse on atmospheric electricity parameters has been studied 
previously by many workers Reports on the effect of an eclipse on these parameters 
as measured on the ground showed contradictory results Israel (1955) summarized 
all such reports upto 1954 His tabulation indicates that m 20 out of 27 cases the 
potential gradient diminished, m 3 cases it increased and m 4 cases there was no 
change. Koenigsfield (1953) studied the effect of solar eclipse of 1952 (m Belgian 
Congo) on atmospheric potential gradient both at ground and above the earth’s 
surface He showed that the potential gradient at the ground changed from positive 
value passing through zero and reversing its sign In the upper air potential gradient, 
during the middle of the eclipse he found that the fair weather potential gradient 
value became nearly zero between 5km and 15km Another case of ground level 
potential gradient reversal during a partial eclipse was reported by Kamra and 
Varshneya (1967) Anderson and Dolezalek (1972) studied the effect of solar 
eclipse of March 1970 on atmospheric electricity parameters They presented a 
model to account for the observed phenomena. It is shown that the diminution and 
subsequent restoration of eddy turbulence near the ground can produce effects of the 
type observed if adequate consideration is given to the existing electrical state of the 
atmosphere during the fully developed turbulence prior to the eclipse Eclipse condi¬ 
tions provide a unique opportunity to investigate phenomena which are strongly 
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influenced by atmospheric turbulence. Eclipse condition produces observable pheno¬ 
mena which exhibit behaviours not seen during normal sunrise-sunset sequence. 
In the normal sunnse, there has been a span of many hours of darkness in which the 
settling of large ions and the stratification of the lowest layers of the atmosphere can 
proceed. Whereas, the time scale inherent in an eclipse does not permit any extensive 
settling to occur and limits the amount of stratification which may take place During 
the total solar eclipse of February 1980, the authors made measurements of (1) Poten¬ 
tial gradient at ground and above the earth’s surface using balloon borne sondes 
(2) Atmospheric polar conductivities near ground and (3) Number density of both 
types of small ions. 


Instrumentation 

Surface potential gradient measurement was made using a compact mobile equip¬ 
ment which housed (1) sensor (2) insulator (3) power supply and (4) solid state electro¬ 
meter amplifier. Polonium 210 probe was used as potential equaliser. The atmospheric 
potential sensed by the probe was divided by a divider circuit using special high 
megohm resistors (of values 10 1Z and 10 9 ) mounted on a specially designed teflon 
insulator and fed to high input (10 M ) ultra low drift electrometer amplifier. The unit 
was placed in the open field Mams power and output lines were connected by means 
of two weather-proof connectors. The output was fed to a 0-lmA strip chart galvano- 
metnc recorder. 

Upper air measurement of potential gradient was made using balloon-borne 
special sondes. In these two polonium 210 collectors spaced 50cm apart m the vertical 
were used as the sensors whose output was given to an inverted triode electrometer The 
output voltage of the electrometer was converted to frequency (0-200Hz, for a range 
of 135 to 0 volts of potential difference between the sensors) to modulate a 401MHz 
transmitter. A solid state switch was used to monitor the zero of the electrometer 
every two minutes. The sondes were released to the atmosphere with the help of hydro¬ 
gen filled balloons with a rate of ascent of about 18km/hr. Heights attained by the 
sondes were monitored by incorporating precalibrated baroswitches in the circuit 
Arrangement was made to switch off the transmitter m flight before releasing the 
next sonde to avoid interference from the previous sonde The signals from the sonde 
were received and recorded on a 401MHz ground receiver system. 

Measurements of polar conductivities and small ion densities were made using 
aspirated Gerdien condensers The aspiration rate was kept constant at 4m/sec. 
All the four Gerdien cylinders were mounted in a common aspiration chamber and 
each was insulated from the other Appropriate charging voltages were provided 
to each cylinder by dry batteries. A four channel high input, ultra low drift electro¬ 
meter amplifier provided the necessary conversion of ionic currents to output currents 
of recordable levels (0-lmA) The aspirated cylinders DC power supplies and 
electrometers were all mounted on a compact mobile unit The system was kept at a 
height of 115 metres from the ground on open field Mains power and outputs were 
connected by cables The outputs were fed to four 0-lmA strip chart galvanometnc 
recorders having 1 5K input impedance The recorders were housed in the 
laboratory 
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Results 


Fig. 1 shows the surface potential gradient recorded at Raichur during the period 
13-2-80 to 18-2-80. Curve 1 shows the hourly mean values of potential gradient (with¬ 
out applying any correction for exposure factor) for the period 13-2-80 to 18-2-80 
ex cluding the data for 16-2-80 Curve 2 shows the actual data for 16-2-80 and Curve 3 
shows the hourly mean for 16-2-80 Study of these curves shows that values of surface 
potential gradient markedly decreased during 1st and 3rd contacts. After the 3rd 
contact the value started increasing till about 1730hr after the 4th contact Thereafter, 
the value dropped down considerably, attaining negative values with a minimum 
around 1900hr. Afterwards the value built up and merged with the normal mean 
value. 



Time (hr*) I * T 

Fig. 1 


Figs 2 and 3 show the variation of polar conductivities over surface _ C™J 1 
show the hourly mean value for the period 13 - 2-80 to 18-2-80 

16-2-80 Curves 2 show the actual value for 16-2-80 Curves 3 show the hou y 
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Fig 2 


value for 16-2-80 These curves show both conductivity values increasing during 
1st and 3rd contacts Values decreased from 3rd contact till about 1730hr after the 
4th contact. Thereafter, the value attained a maximum around 1800hr and then 
decreased to a minimum value around 1930 hrs and then increased towards the 
normal mean value. Figs 4 and 5 show the variation of small ion densities These 
are similar to those of polar conductivity curves shown at Figs 2 and 3. Fig 6 shows 
the variation of potential gradient with height as measured by potential gradient 
sondes Soundings at 1438hr on 15-2-80, at 2150hr on 16-2-80 and at 1443hr on 
17-2-80 show the normal pattern at Raichur Sounding at 1424hr (very close to the 
1st contact time) on 16 2 ’80 shows peak around 950mbs Ascent on the same day at 
1505hr (between 1st and 2nd contacts time) shows very high value near the surface 
and also a peak around 700mbs. 
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Discussion 

Comparing the different atmospheric electricity parameters recorded at Raichur 
from those at Pune or any urban location it can be seen that at Raichur values of 
surface potential gradient, are much lower whereas the values of polar conductivities 
are much higher (3 times compared to Pune values) This shows that the atmospheric 
electrical structure is different at Raichur from any urban location Studying the 
diurnal variation of potential gradient and conductivity we can assume that the 
eddy turbulence plays an important role. In the absence of any turbulence near the 
surface, the atmosphere compnses of more small ions than large ions as a consequence 
of some ionising agent Thus during night time, values of conductivity are higher 
compared to day time value The reverse is the case with potential gradient. During 
day time when lower atmosphere is turbulent, destruction of small ions takes place 
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by the presence of large lons/pollutants brought by eddies from overlying layer This 
is a daily feature at Raichur The low value of polar conductivity (of the order of 
urban value) measured at 15 metres high tower at Raichur also support the assumption 
Studies of hourly mean value curves 1 e , curve 3 of potential gradient, conductivity 
and small ion density for 16-2-80 (eclipse day) in Figs 1 to 5 show that the potential 
gradient value decreased, conductivity value and small ion density value increased bet¬ 
ween 1st and 3rd contacts as a consequence of gradual lowering of turbulence These 
decrease and increase m values attained their maximum at the 3rd contact Between 3rd 
contact and 1730hr the above trends were reversed as a consequence of resumption 
of solar heating and eddy convection After the eclipse was over at 1654hr, the curves 
should have followed the normal sunset trend, attaining values towards normal mean 
But m all the curves for 16-2-80 some departure from the normal mean is observed 
after the eclipse was over. These departures may be attributed to some perturbation m 
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the electrical state of the atmosphere produced partly by the pseudo sunset-and-sunrise 
effect due to eclipse and partly due to changed human activities as governed by local 
prevailing customs on the eclipse day Of these, mention may be made of the increase 
in the number density of small negative ions in relation to that of positive ions around 
1800hr The negative value in potential gradient around that time is due to this 
increase in space charge All the curves for 16-2-80 show a decreased human activity 
from a time much earlier to the occurrence of eclipse 

In conclusion though all the major features seen on the experimental records 
can be accounted for even with the present limitation of the instrumentation and some 
need to invoke particular local conditions for the explanation, it must be acknow¬ 
ledged that any understanding based on one series of observations must further be 
tested 
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Fig 6 
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VARIATION IN SOLAR ENERGY INTENSITY DURING TOTAL 
SOLAR ECLIPSE OF 16 FEBRUARY 1980 
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All the solar energy trapping systems become inactive m a belt of hundreds of 
kilometers for hours together during a Total Solar Eclipse This inspired us to 
measure the changes in the intensity of the sunlight during the total solar eclipse 
of 16 February 1980 at Pun (India) Pun is situated at 19 85°N, 85 80°E It was 
only 10km north to the middle lme of the totality path of the said eclipse. The 
intensity of the sunlight during the eclipse, was measured by a CEL Suryamapi 
The intensity of the sunlight at Puri sea beach decreased from 76mW cm' 2 to 
0 01 mW cm' 2 at the peak of totality The temperature of the environment at the 
site was also measured by a sensitive alcohol thermometer The temperature 
variation from 29 °C to 24 °C, was observed during the same period The sea 
became more violent and the velocity of wind increased significantly during the 
total solar eclipse 

Keywords* Solar Energy Intensity; Solar Eclipse; Diamond Ring 

Introduction 

We earned out intensity and temperature variation measurements at Pun during the 
total solar eclipse on 16 February 1980 Due to various limitations we performed 
the integrated intensity measurement m the visible region only 

Experimental Site 

There were more than one reason for selection of Pun as the experimental site Pun 
is situated at 19 85°N and 85 80°E and was only =^10km north to the middle line of 
the totality path (IMD, 1980) The added advantage of Puri was its sea beach, from 
where a close watch at the sea could be kept during the eclipse In spite of the fact 
that the previous 10 years’ weather record of the places falling under the totality 
path predicted a possibility of a fair weather, we were familiar with the weather 
uncertainty of Pun However, as it was the only good seacoast on the totality line, 
we chose it as the site for our measurements during the eclipse 

Measurements and Psychological Effects 

On 15 February 1980 it was quite a sunny day till the afternoon when it suddenly 
started raining But fortunately on the 16th morning it was a sunny and cloudless sky 
The atmosphere was quite windy and waves were at full swing in the sea 
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Before the start of the solar eclipse, the experimental set-up was properly arranged 
for the measurements A sensitive alcohol thermometer was employed for the tempera¬ 
ture measurement It was shielded from direct sun rays and from the wind by keeping 
it behind a boat which was lying on the beach The solar intensity was measured 
by a CEL Suryamapi whose light sensing area was facing the sun throughout the 
experiment Just before the eclipse (1 e, at 14 30 1ST) the intensity was recorded to 
be 76mW/cm 2 and the temperature was 29 °C 

The intensity and temperature measurements were continued upto 15 15 1ST 
without any interruption, when suddenly a small patch of dark cloud passed through 
the region of the sun This was recorded m the intensity measurement as a small kink 
in the falling solar intensity curve This patch of cloud soon went away but just 
before the 2nd contact the sun was covered with dense patch of clouds for sometime 
However clouds dissipated soon and immediately after that the second contact 
occurred. At the time of second contact, we could see the diamond rmg but not 
the shadow bands The measurements were continued 

Soon the sky was clear and the totally eclipsed sun with its corona in full glory 
appeared in the sky The solar intensity and temperature measurements were made 
very carefully at regular intervals The whole sea beach was covered with yellowish 
brownish pale light The sea became very violent, the wind was found to be a bit 
chilly with greater velocity Duration of totality was passed within “no time” and 
suddenly at the moment of third contact a bright “Diamond Ring” again appeared 
(shown m Fig 1) m the cloudy sky Then, slowly the reverse process started and the 



Fio 1 Diamond ring photographed at Pun just before the Vd contact (16 February 1980) 
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solar disc began to be more and more visible. The observations were continued to be 
recorded for some more time At this time also, authors were unable to observe the 
much expected “shadow bands” The results of solar intensity and temperature 
variation are shown in Figs. 2 and 3. 

Solar Energy Loss Due to Solar Eclipsb 

A total solar eclipse causes a tremendous loss of energy. In the eclipse of 16 February 
1980, which affected the solar intensity for some tune or more m the whole country 
(India), spread m an area of three million square kilometers, there has been con¬ 
siderable average energy loss experienced. The analysis will be reported elsewhere. 
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DETERMINATION OF OZONE FROM ECLIPSE 
OBSERVATIONS OF Oi (a 1 A,) DAYGLOW 

V. V. Agashb and S. M. Rathi 

Department of Physics, University of Poona, Pune-411007, India 
(Received 3 February 1982) 

Observations of 1270nm dayglow radiance of molecular oxygen during the total 
solar eclipse of 16 February 1980 have been described Rate equations for pro¬ 
duction and loss of 0,(al A„) have been used together with observed data to 
examine the changes in the concentration of ozone during the eclipse. It is found 
that ozone concentration increased during the eclipse At 66km altitude, ozone 
concentration increased by more than a factor of two at the mid-eclipse time 
over its prevailing value at the first contact 

Keywords: Mesospheric Ozone; Solar Eclipse Measurements of O^Ag); 

Changes in Ozone during Eclipse; 0,( l A») Dayglow during Eclipse 

Introduction 

O, ('A,) plays a significant role in the photochemistry of the mesosphere Numerous 
studies have been carried out, both in the laboratory and m the earth’s environment, 
with a view to determine production and loss processes of singlet molecular oxygen 
in the mesosphere [Llewellyn & Evans (1971), Evans & Llewellyn (1972); Gattinger 
(1971), Jones (1973), and Wayne (1971)] In the earth’s atmosphere singlet molecular 
oxygen is monitored by observing its optical emissions at 1270nm and 1580nm m 
the near infrared region These optical emissions (Fig. 1) is a major component of the 
day and night airglows. 

Singlet molecular oxygen is believed to be produced during the day in the primary 
step of ozone photolysis, chiefly in the Hartley continuum, between 200nm to 310nm, 

O 3 +hv -► O/ ( a’Ag) 4- O J => lx 10-* sec -1 (full sun ) (1) 

(Thomas & Bowman, 1972, and 
Shimazaki & Laird, 1972) 

Other sources producing this species must exist to account for the observed presence 
of its optical emissions in the nightglow The observed rate of decay of the radiance 
after sunset is a useful test of the production theory, however, normal twilight obser¬ 
vations serve only a limited purpose A solar eclipse provides a much better 
opportunity for testing the theory Eclipse observations have been reported by Noxon 
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Fig. 1. Energy level diagram of molecular oxygen 

(1967, 1968) and Wraight and Gadsden (1975) During the total solar eclipse of 16 
February 1980 the authors studied the dayglow radiance at 1270nm. Results of these 
measurements are presented in this paper. 

Experimental 

A two channel atmospheric photometer was constructed for making these obser¬ 
vations The photometer consists of a baffle system and a condensing lens which 
collects light from a patch of bright sky within a field of view of 5° half angle. The 
collected light beam is chopped by a motor driven disc chopper m the focal plane of 
the condensing lens A cooled lead sulphide detector receives the chopped beam and 
produces a signal voltage which is given to the phase sensitive electronics detection 
system A small low brightness lamp, carefully shielded and suitably placed above 
the chopper disc, produces reference signal required m the phase sensitive detection 
Block diagram of the electronic detection system is shown in Fig 2 Photometer is 
calibrated m the laboratory using a precalibrated photometric standard lamp 

For the eclipse experiment, the photometer was operated from the terrace of J T 
College at Gadag (lat 15°25 8'N, long 75°38 3'E) within the totality belt Meteoro¬ 
logical reports indicated greater possibility of clear sky conditions for the month of 
February during which eclipse was taking place Observation station was set up two 
days prior to the day of eclipse and trial observations of zenith sky brightness of day- 
glow radiation at 1270nm were resumed On both days, prior to eclipse day, slightly 
cloudy conditions prevailed, particularly, just above horizon The eclipse day was, 
however, remarkably clear Eclipse day has been reported to be magnetically disturbed. 
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Fio 2 Block diagram of electronic detection system. 

the sun being near the phase of maximum activity. 

Eclipse timings are given in Table I At the time of mid eclipse sun was at an 
elevation of 37.2° in the west. Geometry of the eclipse showed that the region of atmos- 


Table I 

Eclipse parameters for Gadag 
(Lat 15°25 8'N Long 75°38 3'E) 


Phase of the Eclipse 

Time 1ST HRS 

Solar elevation 
angle Degrees 

Beginning of the Eclipse 

14-21-03 

52 7 

Centre of the Eclipse 

15-42-23 

372 

End of the Eclipse 

16-53-31 

21.7 

Duration of Totality 

2m 46s 



phere extending beyond 100km would be m the zone of totality m the zenith 
direction which was the direction of observation of dayglow radiation All the equip¬ 
ment performed satisfactorily during the experiment and good data were obtained 
Observations weie obtained using optical interference filters Typical traces showing 
chart records of emission and background channel are shown in Fig 3 Fig. 3a refers 
to observations before the start of eclipse and Fig 3 b shows the chart record during 
the eclipse. Difference in signal levels of two channels is due to the different pass band 
widths of corresponding optical filters Correction for background contamination 
was made by following two coloui photometric method Calibration factors for the 
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TIME IN MIN 
Fio 3. Typical chart records. 


two channels take into account differences in the filter pass bands, these factors were 
checked by comparing intensities recorded by the two channels during pre-sunrise 
period when dayglow radiation is absent. Correction of emission channel data for 
background contamination during the eclipse penod needs a certain amount of cir¬ 
cumspection. During the eclipse, intensity of scattered sunlight decreases rapidly; 
the rate of decrease of background channel signal is found to be faster than that of 
emission channel (Fig. 4). 

Dayglow radiation at 1270nm is heavily absorbed by oxygen molecules in the 
lower atmosphere and only about 6 per cent of the emission reaches the ground level 
[Evans et al. (19706); and Gadsden & Wraight (1975)] It is rather difficult to correct 
properly for atmospheric absorption dunng the eclipse penod. As the sunlight is 
progressively cut off, concentration of excited oxygen molecules is depleted more 
rapidly in the lower boundary of the emission layer, this is because, at lower altitudes 
quenching of excited molecular oxygen dominates over the radiation loss This in¬ 
creases the effective height of emission layer Since atmospheric absorption depends 
on emission altitude, knowledge of the rate constant for quenching of excited oxygen 
molecules is required for proper estimation of percentage absorption With certain 
reservations, one can make correction for atmospheric absorption and describe the 
observed behaviour during the eclipse approximately. The observed intensity of 
dayglow at 1270nm during the eclipse of 16 February 1980 is plotted against time in 
Fig 5 Intensity at the second contact reached a value of 288KR which was just 
above the threshold of sensitivity of the photometer For comparison, data recorded 
on the previous day of the eclipse are plotted in the same figure However, data on 
previous day are available only during the period of good observing conditions 
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Since the eclipse occurred during the afternoon period, intensity variation of Fig. 
5, before and after totality, is not symmetrical. It is also found that the dayglow in¬ 
tensities recorded on the eclipse day (and the one preceding) are smaiw by a factor 
of two than those routinely observed from Poona (lat 18.5°N). Since no other obser¬ 
vations were made from Gadag except around the eclipse days, it is not known 
whether data of Fig 5 represent normal dayglow intensity level at Gadag or whether 
intensities happened to be abnormally low around eclipse day. Both days of obser¬ 
vations at Gadag were magnetically disturbed days but it is not known whether mag¬ 
netic disturbance affects the mesospheric dayglow intensity of singlet nv^nigr 
oxygen Table II shows the dayglow intensities observed at different epochs during 
the eclipse 


Table H 

Zenith radiance of1270nm daygloduring eclipse 


Epoch of the Eclipse 

TIME 1ST HRS. 

Observed intensity 
of 0,0 A,) (0-0) 
band in the zenith 
(in Mega Rayleigh) 

First contact 

14-21-03 

5.800 

Second contact 

15-41-00 

0288 

Third contact 

15-43-46 

0.300 

Fourth contact 

16-53-31 

1.900 


The loss processes for excited oxygen molecules are 
0 2 (O, (*S _ ,) + /iv A — 28 x 1<M sec' 1 (2) 

(Badger et al, 1965) 

O, ( 1 A,) + M O, ( *Zf ) + M K - 3.5 x KM* cm* sec- 1 .. (3) 

(Evans & Llewellyn, 1970) 

M stands for air molecules in the mesosphere Since the loss processes are not affected 
during an eclipse, changes m the concentration of O t ( 1 A ff ) are the result of com¬ 
bined effect of changes in photolysis rate of ozone and simultaneous loss processes 
In the analysis of our data, we have assumed that the excited oxygen molecules 
are produced through photolysis of ozone at a rate J 9 which depends on height ft. 
It is further assumed that at all heights, the production rate of excited oxygen mole¬ 
cules is proportional to the amount of solar illumination The excited molecules either 
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radiate spontaneously (reaction 2) or are quenched by collision (reaction 3). At a 
given altitude m the emitting region we can then write: 

< *L2^_-7[o s ] + M + *[M])x [<V] ... (4) 

where quantities in square brackets represent the concentration of respective species 
at respective times. On integration with respect to time we get, 

[Oj* ]t — [0,*]<- e exp (— pi) + exp(—poj * [Oa] exp ((Jr') <ft' .. (5) 

o 

wherep -(A + £[M]). ... (6) 

Thus one can obtain the concentration of excited species at any time 't' during the 
eclipse. With the help of above equations and the observed dayglow radiance during 
an eclipse one can estimate quenching rate K for an assumed ozone concentration. 
Conversely, one can use a plausible value for the quenching rate and determine the 
ozone concentration for the latitude of observing station, with the help of equations 
(4) and (5), together with eclipse observations of dayglow radiance We have adopted 
the second approach in our analysis of eclipse data Preliminary calculations using 
CIRA 1965 model for [M] show that ozone concentration increased during the eclipse. 
It is found that at the altitude of 66km, ozone concentration starts increasing at 1501 
1ST l e, forty minutes after the first contact At mid-eclipse, increase m the ozone 
concentration is about 2 4 times its value at the first contact. Ozone concentration after 
totality shows a steeper fall after 1655 1ST i.e., approx, twelve minutes after totality 

Discussion 

The primary mechanism for the production of ozone at all heights m the mesosphere 
is the three-body recombination: 

0 + 0 2 + M-►Oj + AT .(7) 

Dunng the first part of the eclipse the production of Oa by reaction (7) and the simul¬ 
taneous reduced loss by photodissociation reaction (1) leads to increased concentration 
at the height considered The other loss process for O* 

H + 0 8 -► OH + O a (8) 

becomes important during totality at altitudes above 70km, since it dependes on 
concentration. 

Possible changes in the concentration of ozone during solar eclipses have been 
studied before From measurements made during the eclipse of 12 November 1966, 
Randhawa (1968) reported an increase in the ozone concentration at 57km by more 
than a factor of two From eclipse measurements of 7 March 1970, Smith (1972) 
reported an increase by a factor of two m the ozone concentration around 60 to 68km 
changes in the atmospheric composition at mesospheric heights during eclipse have 
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been studied theoretically for model atmospheres containing oxygen and hydrogen as 
constituents Increase m ozone concentration and decrease m 0(3p) concentration has 
been predicted through theoretical calculations (Thomas & Bowman 1974* and 
Hunt, 1965) 


Conclusions 

Eclipse observations of 1270nm band provide a sensitive method of determining ozone 
concentration in the mesosphere The ground based measurements made during the 
eclipse of 16 February 1980 show that at 66km ozone concentration increased by 
more than a factor of two This conclusion is based on preliminary reductions at only 
one altitude 


Acknowledgements 

This research was supported by ISRO Grants under the RESPOND programme m 
the Umversity of Poona. Special thanks are due to Professor B. C. Hoskeri, Principal, 
J. T. College, Gadag for providing required facilities for making observations, to 
Professor A. S Nigavekar, Head of the Physics Department, University of Poona, 
and others for help in organizing solar eclipse expedition and to Professor 
P. V. Kulkarni for use of facilities at P. R. L., Ahmedabad 

References 

Badger, R. M, Wnght, A C, and Whitlock, R F (1965) Absolute intensities of the discrete and 
continuous absorption bands of oxygen gas at 1 26 and 1 065 (jl and the radiative lifetime of 
the 1 A a state of oxygen J chem. Phys , 43, 4345 

Evans, W F J, and Llewellyn, E J (1970) Molecular oxygen emissions in the airglow Ann 
Geophys, 26, 167. 

Evans, W F J, Wood, H. C, and Llewellyn, E J (1970) Transmission of oxygen infrared emission 
at 1 21\l m atmosphere Can J Phys , 48, 747. 

-(1972) Measurements of mesospheric ozone from observations of the 1 27 jx band. Radio Sci , 

7,45 

Gadsden, M, and Wraight, P C (1975) Atmospheric transmission of the 1 27 micron band of 
oxygen J. atm terr Phys , 37, 287 

Gattinger, R L (1971) Interpretation of airglow in terms of excitation mechanisms la The 
Radiating Atmosphere (. Ed B M McCormac) D Reidel, Dordrecht, Holland, P 51 
Hunt, B G (1965) A theoretical study of the changes occurring in the ozonosphere during a total 
eclipse of the sun Tellus, 17, 516 

Jones, A V (1973) The infrared spectrum of the airglow Space Set Rev , 15, 355 
Llewellyn, E J, and Evans, W F J (1971) Thedayglow In The Radiating Atmosphere {Ed B M 
McCormac) D Reidel, Dordrecht, Holland, P 17 
Noxon, J F (1967) Oxygen spectra in dayglow, twilight and during an eclipse Nature, 213, 350 
-(1968) Day airglow Space Set Rev , 8, 92 

Randhawa, J S (1968) Mesospheric ozone measurements during a solar eclipse. J geophvs Res , 
73,493. 

Shimazaki, T, and Laird, A R (1972) Seasonal effects on distributions of minor neutral consti¬ 
tuents m the mesosphere and lower thermosphere Radio Set, 7, 23 
Smith, L G. (1972) Rocket observations of solar UV radiation during the eclipse of 7 March 1970 
J, atm . terr . Phys, 34, 601 



292 


V. v. AGASHE et ah 


Thomas L, and Bowman, M R. (1972) The diurnal variations of hydrogen and oxygen consti¬ 
tuents in the mesosphere and lower thermosphere J atm terr Phys , 34, 1843 

_(1974) Changes m concentration of oxygen and hydrogen constituents in the mesosphere 

during an eclipse. J atm terr Phys., 36, 1421 

Wayne, R. P (1971) The photochemistry of ozone and singlet molecular oxygen in the atmosphere 
In Mesospheric Models and Related Experiments {Ed G Fiocco) D Reidel, Dodrecht, 
Holland, p 240. 

Wraight, P C., and Gadsden, M (1975) Dayglow of the infrared atmospheric band system of 0, 
during a total eclipse of the sun J atm terr Phys, 37, 717. 



® froc Indian natn Sci Acad, 48, A, Supplement No 3, 1982, pp 293-301. 

Printed m India 
Ionization & Wave Motion 

VLF/LF DETECTION OF IONIZATION CHANGES AND WAVE MOTIONS 
IN THE MIDDLE ATMOSPHERE ASSOCIATED WITH THE FEBRUARY 1980 

TOTAL SOLAR ECLIPSE 

Y. V. Ramanamurty, S. C. Garg, M. V. S. N. Prasad and A. Hamid 
National Physical Laboratory, Hillside Road, New Delhi-110 012, India 
(Received 24 February 1982) 

Based on VLF/LF radio observations, the first evidence of wave motions in the 
middle atmosphere associated with the total solar eclipse of 16 February 1980 
is presented The ionospheric effect on 16kHz monitored at New Delhi (path 
mid point 47 4°N, 29 6°E) manifested itself as a precursor corresponding to a 
decrease followed by the mam increase in height of reflection because of loss of 
electrons due to recombination in the partially eclipsed lower D-region. 
Succeeding this mam effect, there was a phase overshoot due to the rather com¬ 
plex aeronomical processes Soon after the appearance of the precursor, small 
penodic fluctuations m the phase axe observed The VLF paths (12 8kHz, La 
Reunion-New Delhi; 12 3kHz, Tsushima Island-New Delhi) crossing the path 
of totality showed larger phase retardations compared to the 16kHz Rugby- 
New Delhi path which is far away from the path of totality. 

Keywords: Gravity Waves; VLF; LF; Solar Eclipse; Ionization Changes 

Introduction 

Essentially one looks for two types of physical aspects when dealing with the VLF 
or LF radio techniques as a tool for investigating the ionospheric D-region during 
solar eclipses. One aspect is the time variation of electron density at a particular height 
If one measures simultaneously the ionizing radiations, chiefly the solar Lyman-a 
radiation and X-rays, then it becomes possible for a better understanding of the rather 
complex aeronomical changes during the eclipse time Another aspect would be 
to know something about the dynamics of the middle atmosphere and the possible 
generation of gravity waves (Chimonas & Hines, 1970, and Chimonas, 1970) because 
of the passage of the moon’s shadow at supersonic speed If the gravity waves are at 
all generated, their possible detection in the atmosphere at various levels also comes 
into question The present paper deals with VLF/LF detection of ionization changes 
and gravity waves in the middle atmosphere associated with the Indian total solar 
eclipse of 16 February 1980 

Methodology of VLF/LF Detection 

The short path (<500km) measurements offer advantages atleast m two respects, 
(i) Localized effects (for example, eclipse associated ionization changes at a particular 
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place) can be detected and studied more unambiguously and («) relatively easy inter¬ 
pretation of data in relation to D-region profiles The long path measurements offer 
the following advantages: (i) one can select the desired frequencies and propagation 
paths by making use of the existing VLF/LF transmitters in the world, («) one can 
monitor ionization changes with better sensitivity and look for dynamical effects over 
large geographical areas. For maximising the VLF/LF detectability of ionization 
changes, propagation paths for which the path mid-point falls within the fully eclipsed 
region would be preferable For maximising the VLF/LF detectability of buoyancy 
type of wave motions or the so-called gravity waves, one has to look for propagation 
paths such that the path mid-pomt lies close to the regions where the gravity waves 
are expected to come to a focus Focussing of these waves can occur due to the 
curvature of the eclipse path and due to the fluctuations in the speed of the moon’s 
shadow. These focussing regions can be predicted m advance and would be typically 
several thousand kilometers northwards or southwards of the path of totality (Ball, 
1979). 


Solar and Geomagnetic Activities on the Eclipse Day 

For unambiguous detection and quantitative interpretation of VLF/LF effects due to 
a solar eclipse, it is desirable that quiet solar and geomagnetic conditions prevail on 
the eclipse day A magnetic storm of SC type was reported on 15 January (U S. 
Dept. Comm., 1980b) and it continued through the eclipse day The H« flares of 
minor importance, one with start time at 0835 and ending at 0844 with maximum at 
0838 1ST and the other with start time at 1600 and ending at 1628 with maximum at 
1608 1ST were reported (U S Dept Comm, 1980b) on the eclipse day. Near 1319 
1ST, there was X-ray flux enhancement in 0 5 to 4 A range by a factor of about 
15 and in 1-8A solar X-ray flux, the enhancement was by a factor of 7. These X-ray 
enhancements started near 12461ST and ended near 1403 1ST with its peak near 1319 
1ST. Multifrequency microwave solar radio flux measurements during eclipse time by 
Bhonsle et al (1981) showed characteristic time variations with sudden changes 
of slope at certain times Prior to 1900 1ST (sunlit VLF/LF paths, receiver at New 
Delhi) the meter wavelength solar radio emission with the largest duration (415 
minutes) peaked near 1320 1ST and more intense bursts of 1 to 3 minutes duration 
occurred near 1444 and 1520 1ST (U S Dept Comm, 1980c) 

VLF/LF Observations 

The (relative) phase of 16kHz transmissions (Rugby-New Delhi, path mid-point 
47 4°N, 29 6°E) observed by us on 16 February 1980 during the afternoon period is 
shown in Fig 1 as the dotted line (scaled every 1 25 minutes) The phase variations 
on the control days (14 and 15 February 1980) are also shown for comparison Some 
interesting features of the phase variation on 16th in relation to those on the control 
days are marked by arrows The small phase retardation observed at about 1228 
1ST could well be the onset of the eclipse associated effect A large phase advance 
amounting to about 4 6/*s began at about 1240 1ST, the phase minimum reaching at 
about 12591ST The decrease in ionization due to the mam phase eclipse effect showed 
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Fig 1 Phase variation of 16kHz transmissions received at NPL, New Delhi. 

as phase retardation amounting to about 1.6/as reaching at about 1328 1ST While the 
VLF phase effect appears to have ended at 1435 1ST, there was phase overshoot to 
values considerably higher than expected as per diurnal trend observed on control 
days beyond this time 

The published information on VLF phase monitored by U S Naval Observatory, 
USNO (1980) (corresponding to nearly full daylight VLF paths) on paths which are 
away (eastwards/westwards) from the path of totality showed propagation phase 
disturbances of 1 to 2/as near 2030 1ST The difference between the USNO master 
clock and the arriving phase of the carrier frequency from Rugby at 16kHz (as 
affected by the daylight phase delay and the USNO master clock and the time reference 
pulses of the Loran C, D stations and TV transmissions) continuously decreased 
from 519/as on 14, 518/as on 15, 515/as on 16, 514/as on 17 and 510/as on 18 February 
1980 Similarly, the 18 6kHz NLK transmissions monitored by the USNO master 
clock also showed a steady decrease in phase value from 325/as on 15, 324/as on 16, 
321/as on 17 and 18 February 1980 The omega transmissions on 11 8, 13 1 and 13 6 
kHz are far more stable and showed a decrease of 1/as only on the eclipse day 

A photograph of the LF signal strength observations on 164kHz (Tashkent- 
Delhi, path mid-point 35°4'N, 73°24'E) are shown in Fig 2 The top photograph 
(Fig 2d) shows the record obtained using System I (chart speed 3 inches per hour) 
and the bottom record (Fig lb) shows the one obtained using System II (chart speed 
25cm per hour) The field strength observed by System I responds to the reflection 
coefficient || R || of the ionosphere and has to be viewed as a vector sum of ground 
and skywaves if there is significant ground wave The field strength observed by System 
II is proportional to the conversion coefficient || R || The dominant features observed 
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Fig 2. Field strength (relative) variation of 164 kHz transmissions received at NPL, New Delhi 
(a) on System I and (b) on System II 


on the total field record (Fig 2a) was a deep minimum in field strength near 13291ST 
and a small minimum near 15501ST This small minimum is about 6 minutes after the 
time of the greatest phase at Srinagar (Total Solar Eclipse, 1979) which is close to the 
path mid-point 

The dominant characteristic observed by System II was the periodic variation 
which started to appear on the record at about 1248 1ST. We tried to see whether 
these periodic variations were due to system malfunctioning by rotating the antenna 
between 1351 and 14221ST Near 1409 1ST, the gain of the D C amplifier associated 
with the chart recorder was increased by a factor of two At 1422 1ST the recorder 
gam was put back to its normal value. The receiver itself was left untouched in any 
of these operator interventions From 14221ST onwards, the receiving system together 
with the chart recorder was left untouched. 

The periodic features were observed continuously throughout the progress of the 
central eclipse and ended rather abruptly at about 1636 1ST The record shows finer 
details in the peak to peak amplitude and periodicities throughout the duration of the 
periodic variations which lasted for nearly 3 hours and 48 minutes The striking fea¬ 
ture is the observation of a well-defined large period large amplitude oscillation of 
field strength due to the abnormal component of the skywave starting from about 
1535 1ST onwards corresponding to the partially eclipsed ionosphere conditions at 
the path mid-point 

Besides our VLF/LF observations, there were reports of 22 3kHz phase obser¬ 
vations by Subrahmanyam (1981) and 16kHz and omega observations by Sen Gupta 
et al (1981) The Indian Space Research Organization (ISRO) also monitored the 
phase of 16kHz at Kavalur (Dixit et al, 1981) There are quite a few reports of LF 
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observations by others as well (Mitra, 1981; Mangal Sain, 1981; and Sen 
et al, 1981). 


Discussion 

To assess the implications of these VLF/LF observations, an attempt is made to 
intercompare the observations reported by several investigators m so far as access to 
data was possible. Some salient features of mtercompanson are shown in Table I. 
The column numbers are indicated in parenthesis at the top of Table I The monitor¬ 
ing group is indicated in the first column. Column 2 gives the monitored frequency in 
the VLF/LF bands Column 3 gives the geographic co-ordinates of the transmitter and 
receiver Column 4 gives the details of occurrence of ionospheric effect preceding 
eclipse associated main effect corresponding to increase in height of reflection. The 
magnitude of the eclipse-associated main ionospheric effect is given in Column 6. 

Several interesting features can be observed from the results tabulated in Table I 
and from Figs. 1 and 2 The large phase retardations of 17.4/is on 128kHz, La 
Reunion-New Delhi path and 12 7ps on 12.3kHz, Tsushima Island-New Delhi path 
are typical of the VLF effects on paths crossing the path of totality of the solar eclipse. 
The small phase retardation of 1 6 or 1 8ns (corresponding to a change m reflection 
height of about 0.8km, Wait, 1959) on 16kHz Rugby-New Delhi path which is 
far away from the path of totality is also typical of the eclipse associated ionospheric 
effect The total field observations on 164kHz m New Delhi (System I) showed a 6dB 
decrease in fieldstrength. This can be understood as due to an increase m the phase 
height of reflection rather than a decrease expected in the case of X-ray flare effects 
(Ramanamurty, 1970) Field strength increases by as large as 20dB and 18dB were 
reported by Mitra (1981) and Sen et al (1981) at 164kHz (Tashkent-Roorkee path) 
and 280kHz (Jessore-Calcutta path) respectively (Table I). 

Precursor Effect 

The observation of a precursor effect before the main ionospheric effect, the 
periodic phase variations throughout the duration of the eclipse and the phase over¬ 
shoot after the main effect are the most interesting features observed at 16kHz (Fig 1) 
Pnor to the main ionospheric effect which manifests itself as a phase retardation 
(corresponding to increase in height of reflection) a significant phase advance amount¬ 
ing to 4.6/ts began at about 1240 1ST (Table I) A similar precursor effect on 16kHz 
monitored at Kavalur which is close to the path of totality was also observed by Dixit 
et al (1981) Sen et al (1981) observed precursor effects at MF (870kHz) and HF 
as well On three of the four VLF paths monitored at a high latitude station (College, 
Alaska, 65°N), Albee and Bates (1965) detected a similar phase advance prior to the 
main eclipse associated phase retardation associated with the 20 July 1963 total solar 
eclipse A phase overshoot after the mam effect was also noticed by Albee and Bates 

On 16 February 1980 only one minor SID (IMP 1) was reported by US Dept 
Comm (19806) by only one observatory with starting time at 1247 and ending at 
1323 with maximum at 1303 1ST If this SID as well as the phase advance on 16kHz 
starting at 1240 1ST were due to a solar flare, we expect correlation with the solar X- 
ray enhancements immediately preceding the times As discussed in a previous section, 



Table I 

VLF/LF ionospheric effects associated with the total solar eclipse on 16-2-19BO 
(Times are m 1ST = UT + 0530, 5h 30m is written as 0530 and so on) 


Geographic Co-ordinates of Precursor/SI D Times Eclipse associated Times Magnitude 


Monitoring 

Group 

Frequen 

(kHz) 

C y- 

Transmitter 

Receiver 

Begin 

Max 

End 

Begin 

Max. 

End 

of 

Effect 


12 3 

20°58 / S,55°17 , E 

28°37'N,77°13'E 

1224 

1248 


1348 

1512 

1636 

12 7ps 

Sen Gupta et al 

1 12 8 

34°37 / N,129°27 , E 

-do- 

1248 

1248 

1400 

1500 

1612 

1636 

10 2ns 

(1981) 

j 









17 2{*s 


C 160 

52°22'N,rH'W 

-do- 

1240 

1254 

1512 




18gs 

Authors 

160 

-do- 

-do- 

1240 

1259 


1259 

1328 

1435 

16ns 

Dixit et al (1981) 

160 

-do- 

12°34 , N,78°49 / E 

1424 

1437 

1451 


1545 

1655 


NPL r System I 

1640 

41°25 / N,69°12 / E 

28°37 / N,77°13*E 

1245 

1329 

1352 

1547 

1550 


6 dB decrease 

(System II 

1640 

-do- 

—do- 




1248 


1636 


Dixit et al (1981) 

1640 

—do— 

23°1 / N,72°36'E 

1230 

1400 

1500 

1400 

1600 



Mitra (1981) 

T1640 

—do- 

29°51 / N,77°54 / E 









1182 0 

43,7'N,76°58'E 

29°51 / N,77°54 / E 





1545 


20dB increase 

Sen et al (1981) 

280 0 

23°10'N,89°10'E 

22°34 / N,88°24 / E 




1524 

1531 

1536 

18dB increase 
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ted wave motions m the middle atmosphere associated with the 16 February 1980 
total solar eclipse at places far away from the path of totality and separated by about 
12 degrees in latitude. The periodic variations at VLF are similar to those reported 
elsewhere. The first dominant periodicity of about 12 8 minutes observed at 164kHz 
agrees well with the value of 10 minutes observed by Lauter (1974) on the same fre¬ 
quency for the spring season Lauter as well as Gossard and Paulson reasoned that the 
penodic variations such as those observed by them at LF and VLF match the known 
characteristics of gravity waves To that extent, our observations lend support to the 
view that the observed wave motions could be due to propagating gravity waves 
generated from the cooling regions as a result of the moon’s shadow sweeping the 
earth and its atmosphere at supersonic speeds. It appears that ours is the first com¬ 
prehensive evidence of this kind for the detection of eclipse associated gravity waves. 
The observed periodicities are about an order of magnitude less than those observed 
on ground level pressure oscillations (Reddy, 1981) near the path of totality. 
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CHANGES IN THE FIELD INTENSITY OF RADIO SIGNALS AND NOISE 
DURING THE TOTAL SOLAR ECLIPSE OF 16 FEBRUARY 1980 IN 
RELATION TO IONOSPHERIC RADIO WAVE PROPAGATION 
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S K. Chatterjeb, J. S. Sehra and M K Das Gupta 
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(Received 15 February 1982) 

Various scientific observations for the studies on the ionospheric propagation 
of radio signals and noise in the VLF to HF bands were made at different Indian 
locations in umbral and penumbral regions of the solar eclipse on 16 February 
1980. Analysis of the results indicate that, m general, there is an improvement of 
radio propagation during the eclipse Some evidence of travelling ionospheric 
disturbances apparently related to the eclipse is indicated Besides, a peculiar 
absorption of signal starting even before the first contact has been observed 
The results obtained are compared with other eclipse results and critically exam¬ 
ined in the light of the current knowledge about the mechanisms of the iono¬ 
spheric changes involved, including the gravity wave perturbations 

Keywords: Field Intensity; Ionospheric Radio Wave Propagation; Solar Eclipse; 

VLF, MF & HF Bands; Gravity Wave 

Introduction 

Studies on the changes of the ionosphere during a Solar Eclipse have been made 
extensively by many workers (Beynon & Brown, 1956, Smith, Jr, 1962; Mavretic, 
1968; Narcisi et al, 1969, Brace et al , 1972; Chakraborty & Chakraborty, 1974; 
and Jam & Subrahmanyam, 1979). The main objective of these studies was to investi¬ 
gate how the cut-off of the solar ionizing radiations during the eclipse directly affects 
the different regions of the ionosphere After the pioneering work of Hines (1960) 
on the nature and origin of atmospheric gravity waves, other workers (Chimonas, 
1970; Chimonas & Hines, 1970; and Datta, 1972, 1973) have studied the effect on 
the ionosphere during an eclipse by invoking in the phenomena of the gravity wave 
perturbations Besides these, reports have been made of some peculiar absorption 
events occurring before and after the eclipse period apparently related to the eclipse 
phenomenon (Hennessey & Torres, 1956) During the total solar eclipse of 16 February 
1980 which was visible from Indian sub-continent a series of experiments were pro¬ 
grammed and conducted by various groups of investigations in different parts of India 
covering the umbral and penumbral regions of the eclipse We also participated in 
some of these programmes (Sen et al , 1980, 1981) Our experiments were mainly 
aimed at obtaining information about the changes of the ionospheric propagation 
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characteristics during the eclipse. We observed, apart from a general improvement 
of the tonosphenc propagation due to the decrease of electron density m the lower 
ionosphere, a peculiar pulse type held change of radio signals before die peak phase 
of the eclipse. Also some evidence of a pre-eclipse field changes was obtained Some 
of these interesting results are presented in the paper. 

Experiments 

The receiving stations were set up at Puri (19°50'N, 85°50'E), Varanasi (25°6'N, 
82 # 42'E) and Calcutta (22°34'N, 88°24'E) The location of die transmitting and 
receiving stations is shown in Fig. 1 HF radio broadcast signals from Radio Ceylon 



Fic 1 Location of different observational sites for the study of solar eclipse effects 

(6®52'N, 79°50'E) on 11 8MHz was recorded at Varanasi, while MF radio broadcast 
signal from Chittagong (22°27'N, 91°48'E) in Bangladesh on 870kHz was iecorded 
at Pun Fiom Calcutta the radio signals recorded include the HF standard frequency 
transmission on 10MHz, ATA, from New Delhi (28°33'36'N, 77°18'48'E) LF radio 
navigational signal on 280kHz from Jessore (23°10'N, 89 3 10'E) in Bangladesh 
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Fig 2 Records showing effects of the total solar eclipse in the reception of (a) HF broadcast at 
Varanasi, ( b ) HF standard broadcast at Calcutta, (c) MF broadcast at Puri and (d) LF 
navigational signal at Calcutta. 
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of an absorption m the HF and MF band while it appears as an enhancement in the 
LF band. The duration and time of start of the field changes are shown in Table I. 

Table I 


Radio 

Propagation 

path 


Time of Time of Time of Delay of Delay of Duration Nature of 
1st peak onset of onset effect onset effect of pulse pulse type 


contact phase of field 
at mid eclipse change 
path at path 
point mid point 
1ST 1ST 1ST 


relative relative 

to 1st to the 

contact effect at 

Varanasi 


type field change 

field 

change 


Ceylon-Varanasi 

1432 

1550 

1508 

36min 

Omin 

21 min 

Absorption HF 

Delhi-Calcutta 

1441 

1553 

1537 

56 „ 

29 „ 

9 „ 

„ HF 

Chittagong-Pun 

1447 

1557 

1530 

43 „ 

22 „ 

19 „ 

,, MF 

Jessore-Calcutta 

1448 

1557 

1522 

34 „ 

14 „ 

14 „ 

Increase LF 


which also indicates the times of start of the first contact and the peak phase of the 
eclipse. 


Discussion 

The decrease in the D-region ionization during the eclipse with no significant effect 
in the F 2 -region is borne out by the effects observed on the HF propagation for the 
Ceylon-Varanasi path. The distance between the stations being 2150km, the HF 
propagation at 11 8MHz is supported by the E-layer, with the D-region acting as the 
absorber. The electron density in the D-region decreases causing the signal to go up 
during the eclipse In fact, the downward passage of the E-layer reflected signal through 
the D-region occurs in the path of totality With the progress of the eclipse the ioni¬ 
zation in the E-region drops to a value which no longer permits reflection from the 
layer At such times efficient reflection from F 2 -region which is little affected, starts 
in the absence of a sizeable absorption m D- and F-regions. All these factors together 
cause the signal strength to increase by about 20dB from the pre-eclipse value 

In contrast to the HF result of the Ceylon-Varanasi path where the path mid-point 
is near the path of totality, other HF signal strength result due to the Delhi-Calcutta 
path on 10MHz exhibits a much less marked effect with the increase of signal being 
more gradual This may be due to the fact, that the path mid-point lies over Varanasi 
where the obscuration of the Sun was 81 per cent compared to 100 per cent for the 
Ceylon-Varanasi path 

In the MF band the general level is found to increase by about 8dB during the 
peak phase of the eclipse although the increase is accompanied by marked fading 
effect 

In the LF band the increase m the general level is smaller about 6dB, whereas 
the atmosphere radio noise in the VLF band observed on 30kHz showed a slight 
increase during the event (Fig. 3) 
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From the table we also notice an interesting sequence of start of the pulse type 
absorption with the effect starting earliest for the Ceylon-Varanasi path, for which the 
path mid-point is near the path of totality. The gravity wave perturbations at 80-90 
km level may be caused in two different ways, one is by direct cooling at that level 
while the other is through cooling at lower atmosphere and subsequent transportation 
of the generated gravity waves to lower ionospheric heights. It appears from the table 
that the delay of the effect after the first contact is more than that of the expected 
travel time of any gravity wave perturbations Actually, the bow waves associated 
with the first contact are inclined to the direction of travel of the cooling spot, so 
that at a point remote from the path of totality the effect would be observed later 
If we consider the pulse type depression in each of the records, we notice that they 
do not occur simultaneously as would be expected during a solar flare, but there exists 
a sizeable time shift between the depressions observed for different propagation 
paths The timeshift is indicative of the role of a travelling ionospheric disturbance 
associated with the eclipse phenomena The effect seems to be a probable cause of such 
small scale TID’s generated as such times It is believed that the passage of the cool- 
shadow-region through the atmosphere at supersonic speeds of the order for 
6000-8000km per hour causes gravity wave perturbations m the troposphere 
The gravity waves from this source region propagate upwards to lower ionospheric 
heights producing a sudden increase of ionization at 8O-90km through a redistri¬ 
bution of existing ionization (Datta, 1973, Chimonas, 1970, and Chimonas & Hines, 
1970) It may be mentioned here that enhanced ionization at the 80-90km level may 
indeed, result in the absorption of HF signals while at the same time causing an in- 
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crease of reflection of LF signal. This may explain the pulse type enhancement in the 
LF band. The characteristics of the pulse type absorption also suggest ***** it cannot 
be the effect of any ionization mechanism at the heights involved. For no ionization 
or recombination mechanism can have such high time constants. Also, the formation 
of gravity wave perturbations requires the presence of appreciable water vapours in 
the atmosphere, which do m fact exist m the tropical regions like India. In places where 
the water vapour content is small, such gravity wave perturbations may be 
insignificant. 
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During the 16 February 1980 total solar eclipse, several short wave and medium 
wave broadcasts of All India Radio were monitored at several locations on either 
side of the path of totality, the disposition of the stations so chosen as to locate 
the control points of the circuits m the totality path. Special mention may be 
made of the short wave transmissions at 15 25MHz from Delhi and 9.55MHz 
from Bombay which were monitored at Madras and Tnvandrum In addition, a 
few medium wave transmissions also were monitored so that information can be 
derived on the change m the pattern of field intensity recording with change m 
the altitude of the control points Ionosondes were specially pressed mto opera¬ 
tion for this event at two stations located in the totality 
It was observed that the increase m the signal intensities during the totality is 
higher than the total ionospheric absorption given by the CCIR formula This 
indicates that the CCIR formula underestimates the ionospheric absorption by as 
much as 12dB m certain cases 

Keywords: Radio Communication; Field Strength; Ionospheric Absorption; 

Solar Eclipse 


Introduction 

The rapid change m the lower absorbing region as eclipse onsets and recedes gives 
valuable information which will help m estimating the absorption for varying solar 
conditions For example, none of the existing methods for field strength calculations 
m the HF bands including the latest CCIR method agree with the observations 
because of several uncertainties m ionospheric reflected propagation The estimation 
of non-deviative absorption m the D-region is a critical parameter m designing HF 
links and the total solar eclipse is uniquely suited for this purpose because of the 
rapid collapse of the D-region during the eclipse with marginal changes m the F- 
region, which is the reflecting region, for several HF circuits chosen m this study. 
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Field Strength Measurements of Short and Medium Wave Broadcasts 

During the 16 February 1980 event, several short wave and medium wave broad¬ 
casts of All India Radio were monitored at several locations on either side of the 
path of totality (Table I), the disposition of the stations so chosen as to locate the 

Table I 

Details of various short and medium wave broadcast circuits monitored during 
16 February 1980 solar eclipse 


Transmitter 

Location 

Receiver 

Location 

Power 

KW 

Fre¬ 

quency 

kHz 

Great 

circle 

distance 

km 

Reflection Maximum 
point (1 hop) percentage 
Latitude obscuration at 

Longitude reflection point 

Ceylon 

Delhi 

100 

11800 

2420 

17 # 52 / N 

78°34'E 

97 

Visakhapatnam 

Delhi 

100 

927 

1370 

mo™ 

SO'te'B 

85 

Nagpur 

Delhi 

100 

585 

840 

24°52'N 

78*07'E 

75 

Delhi 

Madras 

50 

15250 

1762 

20°54'N 

78‘45'E 

90 

Bombay 

Madras 

10 

9550 

1035 

16°03™ 

76*34 / E 

Total 

Nagpur 

Madras 

100 

585 

900 

17°05'N 

79*39'E 

Total 

Bombay 

Madras 

20 

1188 

1035 

16*03™ 

76°34 / E 

Total 

Ceylon 

Calcutta 

100 

11800 

1924 

14*48™ 

84°15 / E 

Close to totality 

Visakhapatnam 

Calcutta 

100 

927 

770 

20*10™ 

85°15'E 

Total 

Delhi 

Trivandrum 

50 

15250 

2240 

18*36™ 

77°03'E 

Total 

Jafna (Sn Lanka) 

Kozhikode 

20 

990 

510 

10*30™ 

78*03 / E 

95 


control points of the circuit m the totality path An lonosonde was also specially 
pressed into operation at Cuttack, which was m near totality zone to derive informa¬ 
tion on variations m ionospheric communication parameters viz, f 0 F2, h m F2 and 
f Q E during the eclipse 

The field strength measurements were started about four days prior to the eclipse 
day and continued for another four days after The measurements were restricted 
only to the period 1330-1700hr (1ST) Sufficient care was exercised to ensure that 
the terminal parameters of the transmitting and receiving equipments such as effective 
radiated power, antenna gain and receiver sensitivities were maintained constant 
during the entire period of operation. 
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Fig. 1 shows the field strength measurements of the short wave broadcasts at 
15.25MHz from Delhi and 9 55MHz from Bombay The Delhi transmission at 
15.25MHz was monitored both at Madras and Trivandrum, whereas the 9.55MHz 
t ransmissi on from Bombay was monitored only at Madras Field strength variation 
for the eclipse day as well as for control days are plotted in the figure. The control 
day curve is derived from the median values of field strength during a seven day 
period preceding and following the eclipse day. 



Fio 1 Measured field strength values for three shortwave broadcast circuits during control days 
and eclipse day The steep increase m field strength during the solar eclipse period can be 
seen m all the cases 

The reflection points for one-hop propagation mode for Bombay-Madras and 
Delhi-Trivandrum were under 100 per cent obscuration level at the maxim um phase 
of the eclipse, whereas the reflection point was at 88 per cent obscuration level for 
Delhi-Madras path for the same mode of propagation The field strength values 
increased very rapidly dunng the eclipse, the increase being as much as 23dB in case 
of 9 55MHz transmission from Bombay recorded in Madras dunng the maximum 
phase of the eclipse It has also been observed that maximum increase m field strength 
occurred earlier to the eclipse maximum It has to be also noted here that field strength 
values at Madras for 15 25MHz transmissions from Delhi showed an increasing 
trend earlier to the onset of eclipse In other cases shown in Fig 1 the increasing 
trend almost coincided with the beginning of the eclipse. 

Medium wave transmissions from several AIR stations were monitored for 
more than a week, from 12-19 February 1980, at several locations in India and in 
addition Radio Ceylon medium wave transmissions from Jafna were monitored at 
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Kozhikode during the same period. Fig. 2 shows the observed values of field strength 
for both eclipse day and control day for AIR transmission on 585kHz from Nagpur 
recorded at Madras and for 927kHz transmission from Visakhapatnam recorded 
at Delhi. The figure also shows the values for Jafna transmission on 990kHz 



Fra 2. Measured field strength values for three medium wave broadcast circuits during control 
days and eclipse day. The remarkable increase in field strength following the maximum 
phase of solar eclipse can be seen for Nagpur-Madras circuit at 585kHz 


recorded at Kozhikode. In all the cases, it has been observed that contribution 
to field strength has been only from ground wave between 1330 and 1700hr and 
the sky wave contribution can be seen only during the maximum phase of the eclipse 
The most significan t result is the spectacular increase in field strength for 585kHz 
transmission from Nagpur recorded in Madras and the reflection point for one-hop 
propagation mode for this circuit was under 100 per cent obscuration level during 
the maximum phase of the eclipse The increase in field strength was as much as 30 
dB from its control day value It has been found that the increased field strength 
value during the eclipse maximum corresponds to estimated value of field strength 
based on CCIR procedures for medium wave field strength calculations, for midnight 
conditions (CCIR, 1976a, 1980a) 

The increase m field strength for Visakhapatnam-Delhi and Jafna-Kozhikode 
circuits are not very spectacular and the reflection points for one-hop propagation 
mode for these circuits are in 87 per cent and 84 per cent obscuration levels respec¬ 
tively at the maximum of the eclipse. The CCIR estimates have indicated that the 
increased values correspond only to sunset conditions for Visakhapatnam-Delhi 
and Jafna-Kozhikode circuits 
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Discussion 

There have been several attempts in the past to measure field strengths of HF trans¬ 
mission during solar eclipses (Kanaya & Ueno, 1958, and Rastogi et al , 1956). These 
studies have yielded valuable information on variations m HF propagation modes 
during eclipses consequent to changes in ionospheric layers In the present study, the 
eclipse time HF field strength measurements along with lonosonde measurements 
have been used for the first time to evaluate quantitative estimates of ionospheric 
absorption based on CCIR field strength calculation procedures (CCIR, 19766; 
and CCIR 1978). 

There is overw helming evidence to show that D-region ionization decreases 
markedly during an eclipse and reaches negligible levels during the totality of the 
eclipse (Chakravarthy & Mitra, 1974) This decreased ionization in D-iegion also 
results m decrease levels of non-deviative absorption for a radiowave as it travels 
through this region and consequent sharp increases in the field strength values 
There is also experimental evidence to believe that the ionospheric changes at higher 
heights are marginal when compared to changes in D-region. 

An estimat ion of ionospheric absorption using CCIR-recommended proce¬ 
dures is ma<te for various HF circuits listed in Table I. The ionospheric absorption 
was calculated for the most dominant modes of propagation depending upon the 
great circle distance between the transmitter and receiver locations. For example, 
the two most dominant modes of propagation considered for Delhi-Madras and 
Bombay-Madras circuits are IF and IE modes For Delhi-Trivandrum circuit both 
one-hop and two-hop F-region modes (IF and 2F) are considered while contribu¬ 
tions to field strength by E-region propagation is found to be not significant 

Figs. 3,4 and 5 show the measured field strength values for control days (curve 1) 
and eclipse day (curve 2) for the above mentioned circuits The field strength values 
are also plotted for different modes of propagation for each of the circuits. The 
curves marked ‘3’ in Figs 3, 4 and 5 show the field strength values for IF mode 
of propagation whereas curves marked ‘4’ in Figs 3 and 4 show the values for IE 
mode. The curve marked ‘4’ in Fig. 5 represents the values for 2F mode, However, 
these values represent the situation where the ionospheric absorption is totally absent. 
The values have been obtained for various modes by enhancing the control days 
values by an amount equal to the loss in the field strength due to lonosphenc 
absorption as estimated by CCIR procedures 

It is expected that the observed field strength value during the total solar eclipse 
should be approximately equal to the field strength value on normal days plus the 
estimated ionospheric absorption loss for different modes However, the results 
show that the observed field strengths on the eclipse day are much higher than ex¬ 
pected on the basis of the observed field strength on control days plus the CCIR- 
estimated absorption loss Thus the present study clearly demonstrates that the 
increase in the field strength during totality is not compatible with the CCIR estimate 
of lonosphenc absorption In fact, the results indicate that the CCIR formula under¬ 
estimates the ionospheric absorption by as much as 12 decibels It should also be men¬ 
tioned that enough care was taken in choosing the data, so that the effect of other 
factors such as change in propagation modes, change m deviative absorption, eclipse- 
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Re. 3. The curves marked 1 and 2 show the field strength values of 9.55MHz transmissions from 
Bombay monitored at Madras on control days and eclipse day respectively The curves mark¬ 
ed 3 and 4 show the computed field strength values for IF and IE modes of propagation 
for Bombay-Madras circuit m absence of ionospheric absorption 


time tilts in the ionosphere, etc. are minimised. The lonosonde measurements also 
indicate only marginal changes in the F-region cmtical frequency and peak heights 
on eclipse day as compared to the control days, which only confirm that the propaga¬ 
tion modes have not altered on the eclipse day. 

Conclusion 

It has been realised for quite sometime now that the CCIR formula for estimating 
the ionospheric absorption in HF communication is inaccurate by varying degrees 
at different latitude zones (CCIR, 1980b) Under normal conditions it is difficult to 
exclusively estimate the ionospheric absorption from the observed field strengths of 
HF transmissions due to uncertainties in effective radiated power, antenna gam, 
focusing and defocusmg effects, polarisation coupling loss, etc However, a total 
solar eclipse, which essentially eliminates the non-deviative absorption term without 
significantly affecting all other existing propagation conditions, provides a unique 
opportunity of verifying the CCIR formula Perhaps, the only inaccurate presump¬ 
tion is that the non-deviative absorption has disappeared completely where actually 
there will be some remnant contribution Thus the departure from the CCIR formula 
estimate observed here should be viewed as the minimum error in the CCIR estimate 
This argument should be valid as long as the operating frequencies are well below 
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Fig 4. The curves marked 1 and 2 show the measured field strength values for Delhi-Madras 
circuit at 15 25MHz on control days and eclipse day. The curves marked 3 and 4 show 
the computed field strength values for IF and IE modes of propagation for the same circuit 
in absence of ionospheric absorption. 



Fig 5 The curves marked 1 and 2 show the measured field strength values for Delhi-Tnvandrum 
circuit at 15 25MHz on control days and eclipse day The curves marked 3 and 4 show 
the computed field strength values for IF and 2F modes of propagation for the same circuit 
m absence of ionospheric absorption 
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the maximum usable frequency for that particular circuit to keep deviative absorp¬ 
tion at a negligible level and m all the cases reported here this condition was satisfied. 
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The solar eclipse at Karwar (14 6°N, 74°E) was total for about 2$ minutes 
around 1540hr 1ST and this place happens to be the midpoint of one-hop 
Colombo-Ahmedabad ionospheric radio propagation path. The field strength of 
radio signals on 11 8MHz transmitted from Radio Sn Lanka and received at 
Ahmedabad showed an increase of about 23dB above the normal value and the 
maximum of increase occurred during the totality of the solar eclipse* This effect 
was dearly noticed m spite of the fact that the eclipse day was magnetically 
disturbed 

At Ahmedabad (23°N, 72 6°E) where the solar eclipse was about 75 per cent at 
its maximum phase around 1541hr 1ST, vertical incidence Al-ionosphenc radio 
pulse absorption on 2 2 and 1 8MHz reduced to half of its normal value (22-25dB) 
with a time-delay of about 18 minutes following the maximum phase 
The above results are discussed m relation to the changes m the ionisation in the 
lower ionosphere and the modes of oblique path radio propagation associated 
with the obscuration of solar radiation during the eclipse 

Keywords: Ionosphere; Solar Radiation; Radio Propagation 

Introduction 

During the total solar eclipse that occurred on 16 February 1980, we were interested m 
seeing the changes that took place m the ionosphere which greatly affects the radio 
communication in the medium and short wave bands While many observations 
have been made m the past on eclipse-associated ionospheric phenomena and re¬ 
ported m literature there are still some outstanding problems for further investigations 
such as distribution of active areas on the solar disc emitting radiations in different 
wavelength regions, effective eclipse-function for coronal X-rays, response of the 
ionospheric layers contributing deviative and nondeviative absorption of radio 
waves, gravity waves and so on 

Methods of Measurement and Analysis 

Short-wave radio signals on 11 8MHz frequency transmitted from Radio Sn Lanka 
were received and continuously recorded at Ahmedabad employing a half-wave 
dipole antenna, a communication receiver and a D C amplifier-cum-pen recorder. 
The pen-recorder scale was calibrated in terms of millivolts input to the receiver 
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using a standard signal generator The strengths of the radio signals thus received 
along an oblique path after reflection at a certain height from the ionosphere during 
the eclipse were compared with their control days’ mean value at corresponding 
hours At Ahmedabad, absorption of vertically incident radio pulses of width 100 
/ms and repetition rate 30Hz was measured at 15-mmute intervals on the eclipse 
day and half-hourly on * 3 control days 

Results 

a) Short-Wave Radio Signal on 11.8MHz From Colombo 

The surface distance between Colombo and Ahmedabad is about 2000km. One- 
hop E-layer propagation over this distance is not possible, but the signal can travel 
to Ahmedabad either by two-hop E-layer reflection or one-hop Fj/F^-layer re¬ 
flection For 11.8MHz operating frequency at oblique incidence, the corresponding 
equivalent vertical incidence frequency is 2.32MHz for E-layer reflection, about 
3 0MHz for reflection at 250km height, 3 5MHz for reflection at 300km height in 
the F 2 -layer, and 2.35MHz for reflection at 200km height in the Fi-layer. 

Fig. 1 gives reproduction of the actual pen-chart record of the received signal 
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Fra 1 Pen-chart records of short wave signal strength received at Ahmedabad from Colombo on 
11 8MHz The eclipse-day (16-2-1980) record is compared with that on one of the control 
days(13-2-1980) 
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at the input of the receiver terminals on the solar eclipse day and it is compared with 
that on a control day, 13 February 1980 (Planetary magnetic activity index sum 
■TJC,-4 + ). Incidentally, a geomagnetic storm was in progress on the eclipse day 
(2 K v — 34+) whereas the shown control day was a relatively quiet day. 

It may be noted that the received signal under normal day during 1200-1500hr 
is about 1 5mV, but it has already begun to increase after the time of first contact 
of the eclipse (1418hr) and rose to a maximum value of 27mV during the period 
of totality around 1540hr 1ST at the midpoint of the propagation path by one-hop. 
It is interesting to note that the recorded signal during the maximum phase of the 
eclipse was nearly of the same magnitude as that recorded just near the sunset tune 
when usually the D-, E- and F,- layers practically disappear, or the electron concentration 
in tlwm is below the value needed for reflecting or largely absorbingthe HF radio waves 
traversing through them Moreover, the record shows violent fluctuations, this being 
a general characteristic feature of the F s -layer propagation condition near sunset 
time and also during a magnetically disturbed day In spite of this disturbance, the 
eclipse-effect on the short-wave radio reception was distinct and it may be attributed 
to the decrease in absorption of its power in the underlying D- and E-layers and it 
seemed as if sunset condition was created during the totality of the eclipse The 
recovery of the signal to the normal value after the last contact (1652hr 1ST) was 
followed by oscillatory changes and even the general level of the signal on the eclipse 
(disturbed) day was below normal 

In Fig. 2 are shown the variations in decibels (dB) of the received signal level 
on the eclipse day relative to the mean of the signal values recorded on control days 
13-19 February, excluding 15 February which day was magnetically disturbed It 
could be seen that during the eclipse the signal rose to 23dB about 10 minutes before 
the time of totality and it sustained at high level falling gradually to 18dB until a 
few minutes before the last contact of the eclipse after which it fell fast to the normal 
level The progress and regress of the eclipse are also shown in the figure in terms 
of the fraction of the solar disc occulted by the moon’s shadow moving eastwards 
Although the radio signal was much absorbed in the lower regions of the ionosphere 
along the oblique path during the eclipse, the instantaneous changes and the rates 
of increase and decrease in the signal do not match with those of optically eclipsed 
solar disc, which in fact indicates that the observed effects of radio communication can¬ 
not be due to the obscuration of the incident ionizing radiation alone, but they are 
rather complexly involved in context with the structural dynamics of the ionosphere 
Rastogi et al (1956) reported a maximum increase of about 8dB in the Colombo— 
Ahmedabad transmission on 7 19MHz for the condition of 77 per cent maximum 
eclipse at the point of reflection on 20 June 1955 at 0812hr 1ST This maximum 
increase occurred 8 minutes before the maximum phase of the eclipse. 

b) Vertital-lncidente Radio Pulse Absorption 

Transmission vertically upwards of radio pulse of 100ms duration and 30Hz 
pulse repetition rate on 1 8 and 2 2MHz were done and the amplitudes of the echoes 
received downwards after reflection from the E-layer were recorded on a strip-chart 
over an interval of 5 minutes This transmission and reception were repeated quarter- 
hourly on the eclipse-day and half-hourly on control days Fig 3 shows the variation 
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Fig 2 Effect of the solar eclipse on the signal in the Colombo-Ahmedabad radio circuit shown 
in terms of decibels relative to the mean value of signal strengths on the control days at 
corresponding hours The fraction of the solar disc eclipsed is also shown from first to 
last contact. 


of absorption (ldB) of the radio pukes on the eclipse-day compared with its mean for 
the control days for 1.8 and 22MHz. Also shown in it are the variation of Cos X 
(X is solar zenith angle abbreviated as SZA) with time for the middle of the month 
and the eclipse-associated SZA, viz., (l-/)cos X is ako shown alongwith Here,/is 
the fraction of the sun’s disc eclipsed and hence (1-/) is the fraction of the sun’s 
disc open, i e, not eclipsed It may be seen that the absorption under normal condi¬ 
tions m February 1980 varied from 33dB to 16dB on 2 2MHz in the time interval of 
the eclipse and 23dB opposite the lowest value of the absorption on the eclipse-day, 
about 18 minutes sifter the time of maximum phase of the eclipse at Ahmedabad 
(1541hr 1ST) The eclipse-affected absorption had the lowest value of 12db which 
normally is observed about an hour or so before sunset time (1 —f) cos X at maximum 
eclipse ako fell to the value of Cos X at this pre-sunset hour Similarly on 1 8MHz, 
the normal absorption varied from 37dB to 25dB, with a value of about 32dB 
at the time of its maximum decrease on the eclipse day The lowest value of 
absorption observed on the eclipse-day was about 18dB after the maximum phase 
of the eclipse. This value also corresponds to that normally observed at the pre-sunset 




320 


K. G. jani et al 



I ST. (u.T + 5^ HOURS) 


Fig 3 Vertical-incidence Al radio pulse absorption on 1 8 and 2 2MHz during the solar eclipse 
compaied with its control days’ mean value Diurnal variation of cos X on the middle of 
the month and eclipse-associated (1-/) cos X are also shown for clarity of the effect on 
absorption at different times 

time It is clear that the absorption on 1 8MHz is 4-6dB higher than that on 2 2MHz 
on the control days as well as on the eclipse-day depending on the time Although 
the initial value at the start of the eclipse was lower than the control days, mean value, 
it began to fall at a faster rate after the eclipse commenced than its rate of fall m the 
normal diurnal variation The initial low value on the eclipse day is only a day-to- 
day variation and has nothing to do with the eclipse or the magnetic storm 
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The plots of actual values of absorption shown in Fig. 3 are shown in another 
way m Fig. 4 to show the net effect of the eclipse as to how much reduction was 
observed in. absorption during the course of the solar eclipse. To facilitate the com- 



Fig 4. Deviation ot radio pulse A1 absorption observed on the eclipse day from that of the control 
days’ mean value The fraction of the solar disc uneclipsed is also shown giving times of 
different contacts of the eclipse Note the differences in the shapes of fall and recovery of 
absorption in context to those of the eclipse and the time-lag of minimum m absorption 
behind the time of maximum phase of the eclipse 

panson between absorption and the eclipse conveniently, the eclipse of the Sun 
is shown by plotting the fraction of the solar visible disc left uneclipsed or open 
In the case of Colombo-Ahmedabad radio signal strength, such facility required the 
plot of the fraction of the solar disc that was eclipsed, because the signal strength 
increases as the eclipse grows and vice versa 

It would be seen that the absorption on 1 8MHz fell down to the lowest value 
by about 13 5dB and that on 2 2MHz by about lldB following the maximum phase 
of the eclipse with a time delay of 18 minutes As already stated before, the absorption 
before the start of the eclipse was slightly lower than the control days mean value. 
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however, it began to fall further below after the first contact, slowly in the beginning 
and then rapidly after the sun’s disc was less than 40 per cent open, but it recovered 
quite rapidly to the normal value after the minimum was reached Thus the decrease 
and recovery rates of absorption are not similar, no do they follow exactly the shape 
of flanges m the uneclipsed part of the sun’s disc. At the maximum phase, the solar 
disc was 25 per cent open and the absorption fell down to nearly half of its normal 
value (not e xactly half but 2 or 3dB above half of the normal) at the two frequencies a 
little after the maximum phase 


Discussion 

The reception of radio signals at Ahmedabad from Colombo could be possible either 
by way of reflection from the E-layer in two hops or from the F x - or F 2 - layer m one- 
hop. In either case, the mam contribution to the absorption of the signal intensity 
comes from the D- and E-layers of the ionosphere and normally the signal is only 
1.5mV from 1200hr to 1500hr. With the eclipsing of the sun and obscuration of 
the io nizing radiation, absorption of radio signal in the lower regions decreases 
depending on how much radiation flux is obscured. It is significant that the maximum 
signal strength recorded near the totality of the solar eclipse was almost the same 
and similar in character as that normally observed around the sunset time when the 
D-, E- and Fi- layers do not cause any significant absorption of the radio signal. More¬ 
over, since die eclipse-day was magnetically disturbed and the Fa-layer is much 
affected by such disturbances both as regards its height and electron density, we 
should expect fluctuations m the received signal which are in fact observed and there¬ 
fore, from the above two observations of near-sunset condition temporarily created 
around the totality of the eclipse and fluctuations of the signal, it is concluded that 
the propagation path of Colombo-Ahmedabad radio circuit was of one-hop mode 
via the F 2 -layer Under such circumstances, one cannot expect that the rate of 
increase and decrease m the field-strength would follow m a manner similar to the 
rate of progress and regress of the eclipse. Besides, what are the individual contri¬ 
butions to absorption by the different underlying layers and their time-variations 
and how the F 2 -layer undergoes the dynamical changes make it difficult to predict 
and estimate the course of the effective variations in the received signal. Observa¬ 
tions on different frequencies of obhque-incident signals (Rastogi et al, 1956) suggest 
that higher the transmission frequency, earlier is the time of maximum of the signal 
strength slightly before (4-10 minutes) the maximum phase of the eclipse. Although 
the midpoint of propagation path m the present experiment was under totality for 
about 2i minutes, the signal travelled obhquely through the ionosphere under in¬ 
fluence of varying eclipse magnitudes (say 80 per cent to 100 per cent at the time of 
maximum phase) So this variability also adds to complexity m the strength of 
the received signal and one need not wonder why the signal remained steadily high 
until a few minutes before the last contact of the eclipse 

Coming to the vertical incidence radio pulse absorption measurements during 
the solar eclipse at Ahmedabad, the reduction in total absorption to nearly half of 
the normal value would apparently seem to be the most attractive result because only 
one-fourth of the solar disc was open at the maximum phase of the eclipse. One 
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would be tempted to jump to the conclusion that the ultraviolet radiation responsible 
for ionizing the main absorbing D-layer was obscured to one-fourth and hm"e the 
electron density all along the path of the radio pulse was reduced to half of its normal 
profile as N ** Vq and hence VI, where N is electron density, q rate of electron-ion 
production and I intensity of radiation. But this is true only on the assumption that 
the ultraviolet ionizing radiation is uniformly distributed over the whole solar disc 
which m reality may not be so Kane (1970) found a reduction by an order of magni¬ 
tude in the D-region ionization near totality of eclipse on 20 May 1966 but not so 
much in the E-region Again, the coronal X-radiations responsible for the 
ionization m the D and E regions are not eclipsed in a manner as the visible 
disc. It is known that 10-15 per cent of this X-radiation is unobscured even when 
the sun’s visible disc is totally eclipsed (Elwert, 1958; and Taubenheim & Serafinov, 
1969). This may explain to some extent why the absorption was 2-3dB hi gher than 
half of the total normal absorption following the maximu m phase of the eclipse 
which occurred in the year of high solar activity. The radiation is not the only factor 
for the effect on total absorption, because the measured radio pulse absorption 
consists of the deviative absorption in the E-layer and nondeviative absorption in 
the D-layer at the operating frequencies. The ionosonde at Ahmedabad recorded 
3 5MHz as normal-day critical frequency of the E-layer and this fell down to 2 7 
MHz on the day of eclipse near its maximum phase. This means a reduction of about 
46 per cent in of the E-layer. Particularly, the deviative absorption on 2.2MHz 
increased during the eclipse while the nondeviative absorption in the D-layer de¬ 
creased on both 1 8 and 2 2MHz frequencies. These two features may be seen m 
Fig. 4 It is, therefore, difficult to say definitely about the relative contributions of 
the ultraviolet and the coronal X-radiation to the total absorption The shape of 
the fall and recovery of the radio pulse absorption dunng the course of the eclipse 
cannot hence be expected to follow that of the optical eclipse However, observed 
similarities in the shapes of the fall and recovery rates of E- and F x - layer ionization 
and the total absorption of radio wave during the eclipse of 25 February 1952 at an 
equatorial place, Ibadan have been reported elsewhere. Papers presented by Gupta 
(1981) and Subbaraya et al (1981) in the present symposium on the results of their 
rocket experiments to measure electron density (N-h) profiles and Lyman-alpha radiation 
intensity in the D- and E-layers of the ionosphere indicated reduced values of electron 
density (though not in a uniform way) in the N-h profile and in the Lyman-alpha 
radiation flux during one of the flights when the eclipse was about 70 per cent above 
Thumba (magnetic equator) A detailed calculation of total absorption L °* J Nvdh 
in the height range 60km upto the height of reflection of the radio pulse taking 
into account the above stated rocket data and other model profiles would help m 
ascertaining the results of pulse absorption presented here and estimating the relative 
contributions to it of the D- and E- regions. This work is being taken up and the out¬ 
come of the process will be reported elsewhere v in the above expression is electron 
collision frequency which varies with height in direct proportion to the atmospheric 
pressure in the regions of interest 

As regards the delay of about 18 minutes in the minimum of absorption after 
the maximum phase of the eclipse and sluggishness in the change of absorption, it is 
a well-known fact that the recombination coefficient plays an important role This 
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value of time-delay indicates that most of the changes m electron density due to the 
eclipse might have been produced m the height range 80-95km The observed time- 
delay is just half of what is normally observed m the minimum of diurnal variation 
of absorption m the month of February (Gupta & Kotadia, 1976) and this result 
agrees with that based on theoretical considerations (Rydbeck, 1956) The time- 
delay reported was also of the same value. Bischoff and Taubenheim (1964), how¬ 
ever, observed minimum absorption coinciding with the maximum phase of the 
eclipse on 15 February 1961 at midlatitudes at about 0854hr (perhaps as seen in 
winter anomaly months) Further, the absorption in the lower ionosphere at Ahmeda- 
bad is free from any effect of the geomagnetic storm (Kotadia & Jam, 1980) and 
the results presented here for Al-absorption testify no correspondence with the 
results on the short-wave Colombo-Ahmedabad radio circuit through the F 2 -layer 
which is very sensitive to magnetic activity and travelling disturbances 
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The effects of solar eclipse on long distance communications have been studied 
by monitonng the Delhi shortwave transmissions on 15 25MHz at Trivandrum 
dunng the total solar eclipse of 16 February 1980 Signal strength shows a 
maximum enhancement of 30dB 15 minutes before the maximum phase of the 
eclipse at the path mid-point Dunng the beginning of the eclipse the signal 
strength remains steady around the control day value for 20 minutes after the first 
contact while at the end of the eclipse it falls sharply to the control day value. 

Signal fading rate is very high at the beginning and at the end of the eclipse while 
it is very low dunng the maximum phase of the eclipse. Probability distnbution 
of the signal strength exhibits a double hump during the eclipse penod. The results 
are interpreted in terms of the possible changes m the lower ionosphere and at the 
reflection level by means of model computations for Delhi-Tnvandrum propa¬ 
gation path 

Keywords: Solar Eclipse; Shortwave Transmission; Signal Strength 


Introduction 

During solar eclipse, ionization is nearly stopped at all heights while the loss pro¬ 
cesses continue This sudden arrival of the night time conditions would lead to the 
disappearance of the D-layer where the relaxation time is very small Experiments 
conducted during the past solar eclipses (Anastassiaides, 1970, Kane, 1970, 
Tsagakis, 1970; and Beirose & Ross, 1972) showed decreases m D-region 
electron densities by factors of more than 10 E-region is similarly affected but to a 
lesser extent (Thomas & Rycroft, 1970) F-region relaxation time is of the order of 
eclipse duration or even more and this region exhibit complex dynamics So the 
behaviour of this region during solar eclipse is highly unpredictable. Previous eclipse 
measurements indicated increase (Evans, 1965), decrease (Denisse, 1944), and even 
steady values (Minnis, 1956) of F-region electron densities However, total electron 
content would show a significant reduction as observed by Marriott et al , during 
the eclipse of 7 March 1970 (Marriott et al, 1972). Above the Frlayer, there is a 
possibility for the formation of an additional layer called Fij-layer during a solar 
eclipse m the equatorial region. Such a layer was observed at Tokyo during the solar 
eclipse of 14 February 1953 (Nakata & Yonezava, 1956) 
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Disap pea rance of the D-layer results m an appreciable reduction in the non- 
deviative absorption of the radio waves reflected from the overlying layers, which 
would lead to an enhancement in the strength of the received signal Over five-fold 
signal strength enhancements were observed during the past solar eclipses (Rastogi 
et al., 1956; and Sethuraman et al, 1980) In addition to the enhancement in the 
gross signal level, some changes may be expected also in the fading characteristics 
of the received a gnai in view of the possible effects that an eclipse may have on the 
irregular structure of the ionosphere 

The total solar eclipse of 16 February 1980 has presented yet another opportu¬ 
nity to study its effects upon long distance communications. Using a simple receiving 
system, the shortwave transmissions from Delhi (28° 35 f N, 77°13 , E) on 15 25MHz 
were monitored at Trivandrum (8°33'N, 76°52'E) on the eclipse day and a few 
control days around it The following sections present an account of the experiment 
conducted, data analysis performed, and the results obtained 

Experimental Set-Up and Data Collection 

The monitoring system consists of a vertical monopole antenna, a Racal receiver, 
and a twin channel strip chart recorder. The vertical monopole is resonant at 15 
MHz and was erected at a height of 8 meters above ground. Eight radials having 
lengths equal to the height of the antenna were provided to make an almost perfect 
ground. The signal received by the antenna was brought to the racal receiver tuned 
at 15.25MHz by a 10 meter length 50 ohm coaxial cable. The line output of the 
receiver was fed to the twin channel strip chart recorder which was run at a constant 
speed of 6cm/sec. Signals were recorded from morning to evening on five continuous 
days from 15 to 20 February 1980 with a break on 19th During the course of record¬ 
ing, suitable attenuation levels were used whenever the signal strength tended to 
attain saturation Calibration curves were drawn for the signals recorded on all the 
five days to convert the signal strength to dBm. OdBm denotes a power dissipation 
of lmw in a resistive load of 50 ohms. 

The path of totality, transmitting station, receiving station, and the reflection 
points are shown in Fig 1. Maximum obscuration of the sum was 65 per cent at the 
transmitting station and 80 per cent at the receiving station. At the receiving station, 
the eclipse started at 1419hr, reached maximum at 1539hr, and ended at 1649hr 
(all tomes are m 1ST) Delhi-Trivandrum distance is 2270km For this long distance, 
shortwave communication will be either by I-hop or II-hop reflections or by both 
from F-layer The I-hop reflection point is marked as “O” where maximum obscura¬ 
tion was 95 per cent at 1549hr The II-hop reflection points are marked as “X” where 
maximum obscurations were 80 per cent and 95 per cent at 1547hr and 1644hr 
respectively 


Data Analysis 

The solar eclipse occurred at a time of high solar activity and when a magnetic storm 
was m progress The sunspot number on the eclipse day was 165 Magnetograms 
recorded at Trivandrum indicate the occurrence of a magnetic storm on 15 February 
1980 The storm recovered to normal level by 17 February 1980. 18th and 20th were 
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magnetically quiet and are taken as the normal days. Mam phase of the storm 
reached its maximum value of AH equal to -195 gamma at 1200hr, on the eclipse 
day. The eclipse period, indicated by the arrows, falls on the recovery p hase of the 
storm During the eclipse period AH vanes from -90 gamma to —35 gamma with 
-50 gamma at the time of maximum phase of the eclipse. This value of AH is of the 
same order of magnitude as the day to day variability m the magnetic field. Thus 
the eclipse time observations might not have been affected very much by the magnetic 
activity conditions prevailing at that time. 



Fig 1 Path of the total solar eclipse. 

The records on the two control days and on the eclipse day were sampled at 
every 15 seconds To smooth out the random variations in the signal strength, run¬ 
ning averages were obtained using a five minute window. The values were then 
converted to signal strength m dBm by using the calibration curves The fading 
rates of the received signal were obtained by counting the number of peaks m each 
five minute interval as a function of time. The peaks that are recognized for counting 
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are only those which exceed the mean signal level by at least 25 percent of the maximum 
signal excursion m the five minute interval The data samples scaled at 15 second 
intervals have been divided into one hour segments and hourly probability distri¬ 
butions have been computed for the received signal power 

Results and Discussion 

Signal strength variations with time on two control days and on the eclipse day are 
shown in Fig. 2. On both the control days starting from morning until 1500hr, the 
signal strength is weak and almost a constant with a mean value of - 96dBm After 
1500hr the signal strength gradually increases till it reaches — 65dBm at 1730hr. 
Minimum and maximum deviations of signal strength on the two control days are 
0 and lOdBm so that 5dBm can be taken as an average day-to-day deviation On 
normal days, the transmitted signal is strongly absorbed by the lower layers of the 
ionosphere during its propagation from Delhi to Trivandrum and hence the received 
signal is rather weak. 



Fig 2 Signal strength variations with time on the control days (dashed and dot-dashed) and on the 
eclipse day (continuous) 

On the eclipse day, during the morning even before the onset of eclipse, the 
signal strength has assumed — 65dBm which is quite high compared to a correspond¬ 
ing value on a control day. The high signal strength on the morning of the eclipse 
day seems to be associated with the magnetically disturbed conditions prevailing at 
that time As the magnetic storm recovered, the signal strength also has recovered 
and reached almost to the normal control day level by about 1300hr. From 1300hr 
to 1445hr the signal strength remains steady near the control day level except for a 
sharp rise just before the onset of the eclipse The anomalous rise in the signal strength 
seems to be associated with some sort of a transient at the beginning of the eclipse 
although its exact source could not be identified 
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Different phases of the eclipse period are as indicated in the figure, signal strengt 
remains steady for about 20 minutes after the first contact. This time delay is dearly 
due to the relaxation time of the lower layers of the ionosphere. From 1445hr the 
signal strength starts rising sharply and reaches a value of - 62dBm with in half an 
hour time From 1515hr to 1640hr, the signal strength rises with the same slope as 
the normal evening nse and reaches to a maximum value of — 53dBm at 1640hr 
five minutes before the end of the eclipse. Then the signal level falls sharply to normal 
control day value at the end of the eclipse. Maximum deviation of signal strength 
from mean control day value is 30dB and occurs 15 minutes before the maximum 
phase of the eclipse at the path mid point 

Percentage deviation, S(%)« fegfe x 100, of the signal strength on the 

eclipse day from the average signal strength on the control days is plotted in Fig. 3 
It may be noted that Se and Sc in the above expression are measured in dBm and 
not m absolute power units. The quantity AS is maximum at the tim^ 0 f maximum 
phase of the eclipse and is equal to 36 per cent. The delayed sharp rise of signal 
strength after the first contact and rapid fall of signal strength just before the end 
of the eclipse are very clear from this figure. 



LOCAL TIME.hrs 


Fig 3 Percentage deviation of the signal strength on the eclipse day from the average signal strength 
on the control days 

The observed enhancement of the signal strength during the solar eclipse may 
be interpreted in terms of the following three mechanisms: (1) Non-deviative absorp¬ 
tion (2) Deviative absorption and (3) Focussing due to eclipse related deformation 
of the ionosphere The non-deviative absorption occurs mainly m the D-region 
During a solar eclipse, the D-region would essentially disappear and as a result the 
non-deviative absorption would become almost absent It is not certain how the 
deviative absorption changes due to a solar eclipse It depends on how the electron 
density distribution changes m the F-region and how it effects the mode of propaga¬ 
tion relative to the control day propagation conditions In regard to the focusing 
effect, there is now good reason to believe that it can contribute significantly to the 
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observed signal enhancement It was observed that the electron density contours m 
the ionosphere rise appreciably in the eclipse region and form a large scale dome 
type structure centering on the path of the eclipse. If the obliquely propagating radio 
waves are reflected from the concave surface of the distorted contours, focusing 
can place causing considerable enhancement m the strength of the received 
signal 

An estimate has been made of the non-deviative absorption for a control day 
ionospheric conditions for Delhi-Tnvandrum propagation path The propagation 
modes have been identified on the basis of the lonograms taken at the SHAR centre 
This was considered adequate for the kind of approximate estimate aimed at m this 
computation. The SHAR lonograms suggest that on the control day of 18 February 
1980, the propagation from Delhi to Trivandrum at 1545hr, corresponding to the 
eclipse time, is by the II-hop F*-layer mode On the eclipse day, however, the propaga¬ 
tion at 1547hr seems to be predominantly by the I-hop F s -layer mode. The control 
day II-hop mode has an angle of incidence <t> of 55° and was reflected from a virtual 
height of 395km. The equivalent vertical frequency /„ for this mode was 8 7MHz. 
The non-deviative absorption for a vertically reflected wave at the equivalent frequency 
/. is given in dB as. 


L v 


- -- , ~ a f 120 Km 

2 - 33 X 10 * \Nvdh 


where /l is the logitudinal component of the gyrofrequency, N is the electron density 
and v is the collision frequency The electron density and the collision frequency 
profiles used in the calculation are shown in Fig 4 The electron density profile 
was taken from a rocket experiment conducted at Thumba at 1212hr on 2 January 



Fio 4 Electron density profile (recorded at Thumba at 1212hr on 2 January 1970) and collision 
frequency model. 
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1970 The collision frequency was calculated using 1970 CIRA atmospheric model 
and the expression v«5.4 x 10~* nT lli . The parameters n and T are the neutral 
particle density and neutral temperature respectively From the vertical absorption 
L v , the absorption for the oblique transmission can be calculated using the relation 
I* —• L t cos<f> For the II-hop mode, which is of interest here, the 
absorption would be 2 L 0 . On the basis of the above model, the non-deviative 
absorption for the control day II-hop mode was computed as 12dB. In addition 
there is the difference in the free space loss between the control day and the eclipse 
day because of the difference in the mode of propagation on the two days. The 
difference in the free space loss and the non-deviative absorption on the control day 
taken together will account for a gain of 7dB m the signal strength during the 
period of eclipse This estimate falls short of the observed signal enhancement by 
23dB. 

There is thus 23dB enhancement in the signal strength left to be explained by 
processes other than non-deviative absorption. Since the II-hop mode penetrates 
deeper into the layer and traverses the ionosphere twice, it is experted to suffer more 
deviative absorption than the I-hop mode There would be some signal gain since 
the propagation on the control day was by II-hop and on the eclipse day by I-hop. 
However, the deviative absorption itself being generally not high, its difference bet¬ 
ween the control day and the eclipse day is not considered adequate to account for 
the entire 23dB It is, therefore, believed that the focussing effect resulting from the 
distortion of the contours of constant electron density during the period of eclipse 
plays an important role in contributing to the large enhancement observed in the 
received signal strength. 

Fadmg of the signal on two control days and on the eclipse day is studied. Fad¬ 
ing rate (cycles per minute, cpm) on two control days is almost similar and is shown 
separately in the lower portion of Fig 5. During morning hours, the fading rate is 
high and is of the order of 12cpm Dunng noon time the fading is almost steady 
with a mean value of 9cpm After 1500hr, the fading rate decreases gradually and 
reaches to a mean value of 4cpm at 1700hr 

Eclipse day fading rate along with the mean of the fading rates on the two 
control days is shown in the upper portion of Fig. 5 Starting from morning till 1300hr, 
the eclipse day fading is not much different from that on the control day After 
1300hr, there are three large excursions and one deep depression in the fading rate 
The first excursion is around 1330hr about an hour before the start of the eclipse 
Other two excursions are such that one is after the first contact and the other is before 
the last contact Maximum fading occurs after the first contact and is 16cpm Around 
the maximum phase of the eclipse, the fading rate has dropped down to the lowest 
value of 2cpm Peak deviation in the signal fading rate during the eclipse period 
is ±5cpm Superposed on this dominant fadmg there are rapid but small fluctua¬ 
tions present on both control and eclipse days except for a brief period around the 
maximum phase of the eclipse The absence of the short period fluctuations during 
the eclipse suggests that the irregularities responsible for them have a dependence 
upon solar radiations in some way for their maintenances 

To study the characteristics of the fadmg pattern we found the probability 
distribution of the signal strength on one control day (18 February) and on the eclipse 
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Fiq 5 Signal fading rates on the control days (bottom) and on the eclipse day (top). 


day at one hour intervals from 1139hr to 1739hr. Normalised probability distri¬ 
butions for selected intervals are shown separately for the control day and the eclipse 
day in Fig. 6 Distribution curves for the corresponding penods on both the days 
look almost similar except for two features (1) the width of the distribution curves 
during the eclipse period is more than that dunng the same period of the control 
day; (2) distribution curve for 1439-1539hr dunng the eclipse period shows double 
hump The observed distnbutions seem to resemble closely to that described mathe¬ 
matically by Rice The enhancement in the width of the distribution functions, there- 



SIGNAL STRENGTH,-dBm 

-16-2-1980 (ECLIPSE DAV),-18-2-1980 (CONTROL DAY) 

Fig 6 Probability distribution of signal strength on one control day (18 February 1980) and on 
the eclipse day. 
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fore, suggests that as a result of the solar eclipse there is a marked increase in the 
ratio of the steady to the random components of the received signals. The second 
feature showing a double hump in the distribution curve may be a manifestation of 
a wave motion excited by the solar eclipse As the ionospheric wave disturbance 
propagates through the reflection point, the reflected signal undergoes focussing or 
defocussing depending on whether the reflections take place from a concave or 
convex surface of the wave motion If the interval of the distribution functions con¬ 
tains one full cycle of the wave motion, then both focusing and defocusmg would 
take place and a double hump distribution would result. The observed double hump 
as a result of a wave motion has been verified by taking smaller time intervals during 
which only focusing or defocusmg will occur and as a result only one of the two 
peaks will occur in the distribution curve. 
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IONOSPHERIC ABSORPTION CHANGES IN 118MHz RADIO 
PROPAGATION DURING THE TOTAL SOLAR ECLIPSE OF 
16 FEBRUARY 1980 

Girija Rajaram, T. R Rao* and D. D Paul 
Indian Institute of Geomagnetism , Colaba, Bombay 400 005 , India 
(.Received 7 September 1981 ) 

Variations m the 11 8MHz signal strength (Colombo-Bombay propagation path) 
dunng the total solar eclipse of 16 February 1980 are interpreted in terms of 
possible changes in the lower ionosphere The main features observed are a sharp 
rise of almost 20dB following onset of the eclipse, followed by two distinct drops 
m signal strength which were separated by a brief interval of enhanced signal, a 
marked rise m the received signal was also noticed about an hour before first 
contact The eclipse night was characterised by regular, penodic fadmg which is 
not a normal night-time feature for this propagation path. These eclipse-induced 
changes are discussed m the light of astronomical and ionospheric observations 
of this same eclipse reported by other workers. 

Keywords: Ionospheric Absorption; Radio Propagation 

Introduction 

This paper refers to the changes seen m the signal strength and fading pattern 
of the 11.8MHz radio transmission from Colombo, recorded at Bombay during the 
recent solar eclipse of 16 February 1980 From the layout of the transmitter and the 
receiver, it was recognised that for a one-hop propagation path, the ionospheric reflec¬ 
tion point would experience around 95 per cent obscuration, and hence substantial 
changes were likely to occur in the recorded signal strength 

Experimental Set-Up and Propagation Geometry 

A conventional straight wire antenna was used; the band-width of the receiver was 
kept at 4kHz and the RF-gain of the system for an input of 2mV was 54dB On the 
day of the eclipse, and on the following control days, the record-chart was run at a 
speed of 12cm/hr thereby ensuring clear resolution of the recorded signal 

The geometry of the 11.8MHz Colombo-Bombay propagation path, and the 
magnitude of the eclipse at Bombay, Colombo, and the reflection point can be seen 
from Fig. 1 The distance between Colombo and Bombay is approximately 1600km, 
for a single hop reflection, the coordinates of the reflection point are 13°N, 76 7°E, 
with maximum eclipse magnitude of approximately 95 per cent For this reflection 


♦Now at Space Physics Division, Gujarat University, Navrangpura, Ahmedabad 380 009 
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REFLECTION POINT (COLOMBO-BOMBAY) 
ECLIPSE MAGNITUDE 



GEOMETRY OF II BMHz PROPAGATION 


[COLOMBO-BOMBAY 


f 



Fig 1. Geometry of the 11 8MHz Colombo-Bombay propagation path, and the magnitude of the 
eclipse at the one-hop reflection point 

point, the first contact of the eclipse was at 14 211ST, the second contact at 15.431ST, 
and the fourth contact at 16 53 1ST From the secant law for a curved earth and a 
curved ionosphere, the equivalent vertical frequency for 11 8MHz oblique propaga¬ 
tion with this geometry works out to be about 2 8MHz (Rastogi, 1960) This sugges¬ 
ted reflection of the radio signal to be mainly from the E-region, this was confirmed 
from the lonograms for 14 05 1ST and 14 10 1ST of 16 February 1980 from SHAR 
(Snharikottah, with coordinates roughly 13°N, 80°E, due east of the reflection point), 
which were kindly supplied to us through the courtesy of the Space Physics Division 
of VSSC (Vikram Sarabhai Space Science Centre) f 0 E at these times p*ecedmg the 
eclipse was around 3 4MHz 

Observations of 11 8 MHz Signal on Eclipse and Control Days 

The recordings of the 11 8MHz signal on the eclipse day (16 February 1980) and on 
the following control day (17 February 1980) are compared in Fig 2 for 12-17 1ST 
m the upper half of the figure, and for 17-22 1ST m the lower half of the figure 
The times of beginning, maximum, and end of the eclipse are indicated by arrows in 
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TOTAL SOLAR ECLIPSE EFFECT ON LOW-LATITUDE 
H F PROPAGATION - 11 8 MHz, COLOMBO-BOMBAY 

RECORDS FOR 12-17 HR 1ST 



RECORDS FOR 17-22 HR 1ST. 



Fig 2 Records of 11 8MHz field strength on eclipse day (16 February 1980) and control day 
(17 February 1980) for 12-17 1ST and 17-22 1ST The beginning, maximum, and end of 
eclipse at the reflection point are indicated Note the regular, periodic fading of the signal 
on the eclipse night, an unusual feature for this propagation path 

the topmost record The pronounced rise in signal strength within 20 minutes after 
first contact is clear in the figure, and there is another small rise seen about 20 minutes 
before the end of the eclipse In contrast, the signal strength on the control day is 
almost unchanged till after 16 1ST, and thereafter shows a gentle, gradual rise 
Another characteristic of the eclipse night is the clear, periodic fading of the radio 
signal, starting at about 18 40 1ST and persisting right till 22 40 1ST when Colombo 
switched off transmission This is very different from the rapid irregular fading seen 
for the corresponding hours on the control day, 17 February 1980, which is the 
generally occurring pattern on most nights 

The signal strength shown in Fig 3 is averaged at successive 5-minute intervals and 
these values are shown in Fig 3 for the post-noon hours of the eclipse (16 February 
shown by thick full line) and the two control days; 17 February is shown by a dashed 
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SOLAR ECLIPSE EFFECT 
16 FEBRUARY I960 

11*8 MHt radio propagation (COLOMBO-BOMBAY) 



Fig 3 Average values over 15-mmute intervals, of 11 8MHz signal strength on eclipse day (thick 
full line) and on control days (dashed line and thin full line) the solar obscuration curve at 
the reflection point is also shown Note the eclipse-associated features on 16 February 
depicted as Rise, Drop 1 and Drop 2 

line, and 18 February by a thin full line The dotted curve in the lower part of Fig. 3 
depicts the obscuration curve for the eclipse at the reflection point It is worth noting 
that the full line curve for the eclipse period between 14 20 1ST and 16 50 1ST is not 
symmetric with respect to the solar obscuration curve Also there is a marked rise m 
the full-lme curve almost one hour prior to the onset of the eclipse 

The full-lme curve for the eclipse day shows three clear depressions shown as 
Drop 1, Drop 2 and Drop 3 which we attempt to interpret m terms of ionospheric 
effects. Almost instantaneously with the onset of the eclipse, the signal strength starts 
rising sharply, indicating reduced radio wave absorption and hence a rapid loss of 
electrons within the ionospheric propagation path The first electrons to be affected 
would be the D-region electrons considering the small recombination time of a few 
seconds for this region The signal strength touches almost peak values (minimum 
absorption) a few minutes before maximum obscuration. Soon after peak obscuration 
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the signal starts falling (indicated as DROP 1); this could be due to strong devrative 
absorption m the E-region when / 0 E drops to values below the equivalent vertical 
frequency of 2 8MHz. The sharp short-lived rise m signal strength following Drop 1 
could indicate reflection of the 11 8MHz signal from the Fx-region Drop 2 follows 
the unmasking of the solar disc, and it could again be deviative absorption in the 
E-region as / 0 E recovers to values exceeding 2 8MHz, with the restoration of solar 
radiation Drop 2 is clearly an eclipse-associated feature as it is not seen on the signal 
strength curves for the control days, 17th and 18th. DROP 3 occurring soon after 18 
1ST seems to be a daily feature, as it is seen at the same tune on the signal strength 
curves for the above control days. This drop again seems to be connected with devia¬ 
tive absorption in the E-region as / 0 E following sunset gradually drops to values 
near the equivalent vertical frequency 2.8MHz. After sunset, the D- and E-region 
ionisation is gradually destroyed, and absorption is greatly reduced; the signal strength 
picks up as the signal starts getting reflected from the F-region. On 16 February , the 
level of the signal at night is comparable to the noon-tune eclipse level; on the con¬ 
trol days, the night levels exceed the noon signal levels 

It may be mentioned that the eclipse day was magnetically disturbed with a sum 
K p figure of 34+, but the control days were quiet with sum K P values of 12° and 19° 
respectively. Perhaps it was because of magnetic disturbance that the signal strength 
on the eclipse day was rather low between 12-131ST, as compared to the other days 
This lowered signal strength was noticed during the forenoon hours of 16 February 
too, though these hours are not shown in Fig 3 which concentrates on the eclipse 
effect The lowered signal strength in the forenoon hours of 16 February indicates 
reduced absorption; hence larger ionisation densities in the lower ionosphere, and 
there could be a storm-associated effect 

Discussion 

An attempt is now made to understand the observed changes in terms of the known 
physics of eclipses, and to compare them with observations of other workers during 
this same eclipse During the eclipse of 16 February 1980 several groups m India 
have used LF, MF or HF to monitor ionospheric changes (Sethuraman, 1980; and 
Mitra, 1981). It merits attention that the signal strength variations seen in Fig 3 
of this paper, are very similar to those observed by Sen et al (1981) for the same 
Colombo transmission of 11 8MHz received at Varanasi, but there is a large time-shift 
m every feature which is not quite understandable The mid-point of the Colombo- 
Bombay path (13°N, 76 7 a E) experienced 95 per cent totality, while that of the 
Colombo-Varanas 1 path (13°N, 80°E) experienced 97 per cent totality, the latter point 
saw the entire eclipse event with a delay of about 5-7 minutes with respect to the 
former 

Since the equivalent vertical frequency for the 11 8MHz oblique propagation 
was 2 8MHz for the Colombo-Bombay path, we are mainly concerned with changes 
in the lower ionospheric regions D and E During the eclipse, radio wave absorption 
is reduced because the production function l q' is decreased with the masking of the 
solar disc l q' however, cannot be taken as proportional to the uneclipsed fraction 
of the solar disc, because the ionising sources themselves are not distributed uni- 
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formly across the solar disc (Piddington, 1951; and Mmnis, 1955). Friedman (1960) 
showed that X-rays originating m limb plages or from coronal condensations can 
contribute to upper atmospheric ionisation even for total eclipse of the solar disc. 
The SOLRAD 8 satellite observations of the solar eclipse of 20 May 1966 show that 
UV radiation at 1225-1350A decreases uniformly with obscuration, but not so the 
X-ray bands (Landmi et al, 1966) The X-ray band 44-60A showed a residual 
intensity of 10-13 per cent at eclipse totality (Friedman, 1962). 

These points are particularly relevant to the solar eclipse of 16 February 1980, 
because minimum absorption was reached almost 20 minutes before maximum obscu¬ 
ration and remained m the vicinity of that value for almost 35 minutes There were two 
prominent groups of sunspots visible on the solar disc that day, it is quite possible 
that one or both these sunspot groups were localised regions of strong X-ray and 
UV radiation, and their masking resulted in a sharp fall in the production function 
‘q’. Bhonsle et al (1981) from their radiometer observations report a residual flux 
of 23 per cent at 2 8GHz with a minimum occurring a few minutes before totality. 
The Ooty radio telescope operating at 327MHz (Rao & Bagri, 1981) reported an 
active region on the sun of angular size 4 arc-minute and a coronal streamer extending 
10 arc-minutes above the south-west limb. Saito et al (1981) report three active regions 
near the solar west limb, and one near the east limb, with coronal loops clearly seen 
over these regions It was noted in connection with Fig. 3 that a marked nse m signal 
strength occurred almost an hour before first contact of the eclipse, a rise before first 
contact is also reported by Lakshmi et al (1981) Perhaps this effect is connected with 
eclipse of some coronal emission region on the solar west limb as has been discussed 
by Sen Gupta and Mitra (1954). 

The sharp narrow rise following Drop 1 in Fig 3 was attributed to a brief period 
of reflection from the Fl-region. It is established that reflections from FI and inter¬ 
mediate stratifications Fl/2 become prominent during eclipses This is attributed to 

ft* 

the layer shape parameter G -= undergoing drastic changes because of eclipse- 

induced changes m the effective recombination coefficient a and the production func¬ 
tion q (Rishbeth & Garnott, 1969) The SHAR lonograms for 14 05 1ST and 14 10 
1ST show some FI stratification before eclipse onset; there is every possibility that 
during the eclipse, SHAR lonograms would be showing intense FI and FI 5 strati¬ 
fications as were reported by Chandra et al (1981) for Ahmedabad. Ginsh Kumar 
and Ramana (1981) from ionospheric absorption measurements on 2 4MHz at 
Waltair (99 per cent totality) report that from 15 minutes before totality to 15 minutes 
after totality the E-region was transparent to 2 4MHz and the echoes were from the 
Fl-region 

The fading pattern observed on the night of the eclipse (Fig 2) seems to be con¬ 
nected with the absence of Spread F During the entire fortnight centered around 
the eclipse day, the night of the eclipse was the only one which showed no Spread F. 
(Tuhi Ram Tyagi et al, 1981, Deshpande et al , 1981, and Ernest Raj et al, 1981) 
The absence of Spiead F was possibly due to the magnetically disturbed conditions 
prevalent that day The leguiar periodic fading observed could happen by combination 
of one-hop and two-hop propagation modes, of the 11 8MHz signal over the Colombo- 
Bombay path; due to reduced absorption the latter mode would be quite effective at 
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night The other possibihty is to explain the eclipse night fading as due to vertical 
oscillations m the reflecting layer set up m the wake of the eclipse. These oscillations 
could be a manifestation of gravity waves triggered off by reduction m neutral 
temperature and turbulence (Chimonas & Hines, 1970). Venkatanaxayana and 
Somayaji (1981) for the present eclipse estimate a drop of 74 °K at an altitude of 
127.5km. The time-period m minutes of this signal fading rate from 5-mmute 
sampling of the fades is shown m Fig. 4. The time period maintains large values of 10 
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SIGNAL FADING BATE ON ECLIPSE NIGHT 
16 FEB 1980 



Fig 4. Signal fading rate from 5-mmute samplings on the night of the eclipse Note that the time- 
penod of fades has a maximum value of 10 minutes centred around 20 20 1ST. 


minutes for about 40 minutes after 20 1ST, and drops to around 1-3 minutes on 
either side; the implications of these periodicities are not clear. 
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United Review (Gravity Waves) 

ATMOSPHERIC GRAVITY WAVES PRODUCED BY 
SOLAR ECLIPSES—A REVIEW 

Kenneth Davies 
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The paper reviews the theoretical and experimental bases for gravity wave 
production resulting from cooling produced by the moon’s shadow Theoretically, 
it is reasonable to expect waves from the low shock after propagation in a dis¬ 
persive and anisotropic atmosphere and that focusing should be expected from 
the eclipse geometry. Experimental evidence from the eclipses of 7 March 1970 
in North America, 30 June 1973 m Africa and 23 October 1976 in Australia 
leave doubts as to whether such waves have been observed. 

Keywords: Gravity Waves; Solar Eclipse; Propagation in Dispersive & Aniso¬ 
tropic Atmosphere; Chimonas’ Model; Brunt-Vaisila Frequency 

Introduction 

During a solar eclipse, the moon’s shadow moving at supersonic speed, cuts off solar 
heating radiation. This results in cooling of the atmosphere, particularly in the tropo¬ 
sphere and the ozonosphere, accompanied by a condensation of air in the cooled 
regions. It was suggested by Chimonas and Hines (1970) that this cooling would 
generate atmospheric waves. Since the generator is moving at supersonic speed it 
produces a bow wave somewhat similar to that produced by a ship travelling through 
water Chimonas (1970) used a model in which the mam source of gravity waves was 
centered around 45km although he recognized that cooling around 90km and in the 
troposphere could be sources also. 

Following their generation, the gravity waves propagate outward and upward 
to the ionosphere. Because atmospheric density decreases exponentially with fright, 
the amplitude of the wave may increase with height (see Hmes, 1960) and thus may 
be detected in the ionosphere by radio soundings. Chimonas (1970) calculations were 
made for the eclipse over North America of 7 March 1970. 

Starting with this eclipse, numerous attempts have been made to detect such 
waves both in the ionosphere and on the ground In this paper, we discuss the expen- 
mental evidence for and against the existence of gravity waves produced by solar 
eclipses. 


Generation Mechanism 

Chimonas (1970) considered the case of a localized heat source (or sink) moving 
through a gravitationally stratified atmosphere In the case of a solar eclipse the 
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moon’s shadow travels with a speed, V, of about 2500km/hx (« 700m/s) whereas an 
individual disturbance generated by the cooling will expand outward at approximately 
the speed of sound, C, ( « 300m/s). This results in a bow wave, as in 

Fig. 1, m which the bow front makes an angle 0 with the eclipse path where sin ® « CjV. 



Complete shielding of the atmosphere from solar radiation occurs only during 
a total eclipse and even then the width of the umbra never exceeds 280km. The radius 
of the penumbra is around 3480km and causes significant shielding over about half 
the umbral diameter In Chimonas’ model the Gaussian source with half-width of 
15km was located m the ozonosphere (at 45km) with a temperature rate of change of 
9 °K per day resulting from the cut-off of solar ultraviolet radiation. He calculated 
the steady state wave system about a cooling spot movmg with constant speed through 
a flat gravitationally stratified isothermal atmosphere to obtain a reasonable order- 
of-magmtude description of a wave system with frequencies less than the iso ther mal 
Brunt-Vtisala frequency <o B Because of the very long wavelengths there will be 
considerable coherence across the source region resulting in strong wave generation 
The mathematics of the model is given in Chimonas (1970) and references con¬ 
tained therein to which the reader is directed. The characteristic frequency of the 
source is of the order of 2* times the shadow speed divided by the shadow length 
(oiisd x 10 -4 sec- 1 ) which is much less than the Brunt-Vaisala frequency 
(co g a 10- 2 sec- 1 at 45km) The fractional pressure perturbation at 200km altitude and 
10,000km from the eclipse path as a function of distance along the eclipse path, y, 
is shown m Fig. 2. From this figure we see that the maximum pressure perturbation 
is of the order of 10 per cent and the wavelength in the y direction is of the order 
of 10000km. The horizontal wavelength perpendicular to the bow front is 
10,000 suits 5000km. Assuming a horizontal speed of 700m/s m the ozonosphere, 
we obtain a wave period of the order of four hours. 

Ionospheric Observations 


7 March 1970 

The Chimonas and Hines (1970) calculations were made with the total eclipse 
of 7 March 1970 m mind. The path of this eclipse along the east coast of North 
America is shown in Fig 3 These authors pointed out that the geometry of the eclipse 
path would tend to focus the wave energy into an area centered more or less on Cali- 
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Fig. Z Hie fractional pressure perturbation 200km above the earth’s surface, at a point 10,000km 
from the eclipse shadow, as a function of distance parallel to the path (after Chimonas, 
1970). 
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Fra 3 Path of the 7 March 1970 eclipse—from Solar Eclipse Bulletin (1970) 

forma which would lead to interference effects, and particularly to an enhanced ampli¬ 
tude in. that region Maximum signal would be expected in California at around 
1900 UT. 












ATMOSPHERIC GRAVITY WAVES 


345 


Following the publication of the model predictions, a number of 
radio measurements were made during the eclipse. The most notable of rtywn were 
made in the west and south west of the USA. In particular, Davis and da Rosa (1970) 
reported on the possible detection of atmospheric gravity waves by this 

eclipse. They measured the changes in the Faraday rotation of very high frequency 
( « 137MHz) radio signals from the geostationary satellites ATS-1 and ATS-3 at 
several sites. They observed the passage of travelling ionospheric at 

Stanford, California, Clark Lake, California and Fort Collins, Colorado and from 
the geographical separations and time displacements deduced that a d isturba n ce 
moved approximately from east to west. Their record is shown in Kg. 4. It 



Fig 4 Travelling ionospheric disturbances observed by Davis and da Rosa on March 1970 (after 
Davis & da Rosa, 1970) 

a wave period of about 20mm and a velocity of 620± 120ms” 1 at 279±2°S east of 
north The peak-to-peak fluctuation m Faraday rotation was around 1.5 per cent 
Lerfald et al (1972a, b) using radio pulse soundings of the ionosphere, with vertical 
and oblique propagation, saw evidence of an east-west travelling ionospheric dis¬ 
turbance between 1930 and 2030 UT, l e, at about the expected time 

Using a very sensitive high-frequency doppler technique Sears (1972) made 
observations at Palo Alto, California of the frequency stability of ionospheric echoes 
from WWV-5, -10 and -15MHz at Fort Colhns, Colorado. His records were not well 
defined but there was some evidence for a TID With penod near 25min between 
1800 and 1900 UT Sears points out that Yeh reported a disturbance in Faraday 
rotation at Urbana, Illinois moving from west-to-east, i.e, in the opposite direction 
to that expected of an eclipse generated disturbance. Evidence m favour of eclipse 
generated waves with periods near 18min have been advanced by Arendt (1971, 
1972) from Faraday rotation measurements at Fort Monmouth, New Jersey and lono- 
sonde soundings at Wallops Island, Virginia He observed undulations m Faraday 
rotation and true height of the ionosphere during the early stages of the eclipse, and 
estimated their speed as about 300m/s. It should be noted that although it was 
magnetically quiet at the time of the eclipse, the latter was sandwiched between two 
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magnetic disturbances. Anastassiades and Moraites (1970) observed TIDs on 8 
March 1970 at Athens, Greece, but they felt it was premature to ascribe them to the 
eclipse. 

Possib le evidence for a gravity wave in. the phase height of reflection of radio 
echoes from the F-region at Huntsville, Alabama between 1700 and 1800 UT were 
reported by Butcher (1973) with a wave penod near 18min and with a peak-to-peak 
nliany of 0.5 to 1km. However, the oscillation is evident before the start of the eclipse. 

Evidence for eclipse generated waves in incoherent scatter data at Arecibo have 
been presented by Carlson et al. (1970). Contour plots of constant backscatter power 
versus tim e reveal weak wave-like disturbances between 1725 and 1800 AST in the 
height range 175 to 225km, with wave period near 15 min and speed of around 200m/s 
during magnetically disturbed conditions. On the other hand Baron and Watt (1970) 
found that downward propagating disturbances observed with the incoherent scatter 
technique at Stanford on 7 March 1970 were not significantly different from those on 
control days. Some of the evidence for and against the detection of gravity waves 
coming from eclipses is summarized in Table I. Negative results have been reported 
by several investigators as for example MacDougall (1970) and Oetzel and Chang 
(1970). 

30 June 1973 

This provided another opportunity to test whether waves, produced by a solar 
eclipse, could be detected in the atmosphere. The path of totality over North Africa 
is shown in Fig. 5 which shows several areas in which wave focusing should occur. 
Or particular interest is the region m Southwest Africa where strong focusing was 
predicted by Beer and May (1972) so that the gravity wave signature should be an 
order of magnitude larger than that predicted for California on 7 March 1970 (see 
Frost & dark, 1973). 

Ionospheric observations of Faraday rotation, lonosonde, HF pulse back-scatter 
and microbarograph were made in Southwest Africa by Schodel et al. (1973 a, b) with 
negative results Travelling ionospheric disturbances were observed but these were 
attributed to a prevailing geomagnetic storm ( K p < 6+ ) Likewise, there was no 
evidence for pressure (microbarograph) waves at ground level Similar negative 
results were reported by Hunter (1973) and Hunter et al (1975) who used the Faraday 
rotation technique at Nairobi, Dar-es-Salaam, Blantyre and Grahamstown but found 
that any fluctuation was less than 1 per cent although conditions were favourable. 

A much more positive interpretation of data from this echpse is provided by 
Broche and Crochet (1975) and by Broche et al (1976) from measurements made close 
to the path of totality. Using the HF doppler technique in Chad, Broche and Crochet 
(1975) found evidence of 1) an overall eclipse effect S x resulting from the cut-off of 
ionizing radiation, 2) a penodic variation S 2 with ^ / = ± 0 5Hz and with wave period 
near 10mm; and 3) a fluctuation S a with period near 30min and A/« ± 1 5Hz. They 
conclude that the S t disturbance originated in the eclipse shadow and the ionospheric 
perturbation was about 5 per cent. Evidence of a weak wave disturbance has been 
found by Bertin et al (1977) travelling with a speed of 275 ±25m/s Broche and Crochet 
(1975) attributed the fact that the wave period was shorter than expected to inter¬ 
ference effects m the near field of the source. 



Table I 

Evidence for gravity waves generated by solar eclipse 


Authors Date Positive (P) or Clo$e(C) Period Horizontal Technique Ionosphere (1) Location 

negative (N) or or (mm) Speed m/s Troposphere (T) 

uncertain (U) Far (F) 


Anastassiades & Moraites 

7 March 1980 

U 

F 

— 

— 

Ionosonde 

I 

Greece 

Arendt 

»» 

P 

C 

18 

300 

Faraday 

I 

New Jersey 

Anderson, Keefer & Myers 

99 

P 

C 

90 

— 

Pressure 

T 

Florida 

Butcher 

99 

U 

C 

18 

— 

Phase height 

I 

Alabama 

Carlson et ah 

99 

P 

C 

15 

200 

IS 

I 

Puerto Rico 

Davis and da Rosa 

99 

U 

F 

20 

620 

Faraday 

I 

California 

Lerfald et al 

99 

u 

F 

— 

— 

HF pulse 

I 

SW —USA 

Sears 

99 

u 

F 

25 

— 

HF doppler 

I 

California 

Bertin, Hughes & Kersley 

30 June 1973 

p 

F 

18 

275 

Faraday 

I 

Europe 

Broche & Crochet 

» 

p 

C 

10 

— 

HF doppler 

I 

Chad 

Brodie, Crochet & Maistre 

99 

p 

C 

— 

— 

Ionosonde 

I 

Chad 

Hunter et al 

99 

N 

C&F 

— 

— 

Faraday 

I 

Africa 

Jones & Bogard 

99 

N 

C 

— 

— 

Pressure 

T 

Africa 

Schodel et al 

99 

N 

F 

— 

— 

Ionosonde Pressure Faraday 

I 

Southern Africa 

Baulch & Butcher 

23 October 1976 

P 

C 

— 

— 

HF, angle 

I/E 

Victoria, A 

Butcher, Downing & Cole 

99 

P 

C 

30-35 

210 

Ionosonde 

I 

Victoria, A 

Hajkowicz 

99 

P 

— 

— 

556 

Satellite ratio fading 

I 

Brisbane 

Lilley & Woods 

99 

U 

C 

— 

— 

Magnetic 

— 

Australia 

Morton & Essex 

99 

N 

c 

— 

— 

Faraday 

— 

Victoria, A 

Scheepers 

99 

U 

F 

— 

— 

Magnetic 

— 

South Africa 

Ichinose & Ogawa 

19 April 1958 

P 

— 

22 

— 

HF doppler 

I 

Tokyo 

Vaidyanathan et al 

29 April 1976 

P 

— 

11 

— 

Faraday St phase 

I 

Trivandrum 


s 
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Fig 5 Path of the solar eclipse of 30 June 1973 with the expected areas of gravity wave focusing 
(after Beer & May, 1972) 

23 October 1976 

The path of totality of this eclipse passed over the state of Victoria in Southeast 
Australia. Several papers have reported identification of waves from this eclipse. 
Baulch and Butcher (1977), Butcher et al (1979), Hajkowicz (1977), with a dissenting 
opinion from Morton and Essex (1978) from their array of Faraday polanmeters In 
particular, Butcher et al (1979) used a digital lonosonde to obtain accurate measure¬ 
ments of group height on several frequencies reflected from the F-region in the path 
of totality. Their results are shown m Fig 6 the most striking feature of which is the 
appearance of an oscillation with period near 35mm. Spectral analyses in the time 
interval 1700 to 2000 LT showed periods near 35 and 15min The longer period is 
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Flo. 6 Group height measurements on 23 October 1976 at Beveridge for frequencies 2.9 to 3.8MHz. 
The plots are displaced for clarity descending m order of frequency (after Butcher 
et al, 1979) 


excited near 1700 and the shorter period appears after 1830 local time. The longer 
period wave has a vertical wavelength of 200 ± 20km, a horizontal wavelength of 
about 190±20km The vertical and horizontal phase speeds are 210±20m/s and 
120±15m/s respectively. During this eclipse the geomagnetic field was extremely 
quiet (K sum—15) Lilley and Woods (1977) point out that the solar eclipse can cause 
geomagnetic variations by perturbing electric currents in the ionosphere From an 
analysis of magnetic declination data from ten locations m Australia, Lilley and 
Woods (1977) concluded that possible eclipse effects were present although this con¬ 
clusion has been challenged by Scheepers (1978) who deduced, from a study of the 
magnetic declination m South Africa, that the waves reported by Lilley and Woods 
is a manifestation of a minor magnetic disturbance 

Other Evidence 

Evidence of waves from eclipses have been presented for two other eclipses 
Ichmose and Ogawa (1976) report waves in HF doppler records in Japan during the 
19 April 1958 solar eclipse, with period near 22mm During the partial eclipse of 
29 April 1976, Vaidyanathan et al (1978) detected quasi-periodic fluctuations in the 
Faraday rotation, ii, and modulation phase, $, of the radio signals from the 
geostationary satellite ATS 6 {see Davies, 1980) received m Trivandrum, India. Their 
results are shown in Fig 7 Spectrum analyses of their data yield the periods shown in 
Table II. It is difficult to accept the authors’ explanation of the differences m the 
periods of the two types of measurement. 
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Pig. 7 . Faraday and fluctuations, ATS -6 to Trivandrum during the partial eclipse of 29 April 
1976 (after Vaidyanathan et at., 1978). 


Table II 

Periods of waves in Faraday rotation fi and modulation phase # observed during 
the solar eclipse of 29 Aprd 1976 at Trivandrum 

(after Vaidyanathan et al., 1978) 

Period (min) 


# 

— 

12 8 

98 

8.0 

6.1 

a 

42.7 

160 

10.7 

85 

6.5 


Ground Pressure Observations 

A gravity wave generated by an eclipse cooling should be detected by sensitive 
microbarographs at the earth’s surface. The source of such waves is expected to he in 
the troposphere and be caused by cooling resulting from cut-off of infrared absorbed 
by water and water vapour Variations in atmospheric pressure in Honda during the 
eclipse of March 1970 have been reported by Anderson et al (1972) and are shown 
in Fig 8 They cite eclipse observations from 1887 to 1952, as well as their own, that 
show two maxima and two minima, beginning with a minimum after first contact. 
The penod near 90min is quite different from those reported for the ionosphere 

During 30 June 1973 eclipse over Africa, Anderson and Keefer (1973) were unable 
to detect eclipse associated pressure changes if they were present Small changes that 
did occur after first contact could not be attributed to the eclipse since similar waves 
were observed prior to first contact. Gierasch (1973) found no strong wave phenomena 
in Kenya and neither did Jones and Bogart (1975) nor Schodel et o/.(1973a, b ) 
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Fto. 8 Corrected barometric pressure variations on 7 March 1970 at Lee, Florida (after Anderson 
et al, 1972) 

Discussion 


Experimental Evidence 

The po sitiv e evidence for gravity waves in the ionosphere from a solar eclipse 
source is still weak Most observers of the 1970 eclipse were cautious of claiming that 
their data provided definite proof of waves from the eclipse bow wave The wave 
periods they observed (20 to 30min) are common on days without eclipses As pointed 
out by Frost and Clark (1973) “ the lack of unique or identifiable characteristics makes 
any correlation between observations, to establish or confirm acoustic wave parameters, 
conjectural Furthermore, the eclipses of 7 March 1970 and 30 June 1973 were 
accompanied by magnetic disturbance and, during such disturbances, gravity waves 
are often generated m the auroral zones and travel equatorward. Even on magnetically 
quiet days waves are present in the F-region with periods ranging from about 5 mm 
up to several hours Some wave-like disturbances seen during an eclipse were apparent 
before first contact so these can hardly be attributed to the eclipse There are some 
difficulties with equipment sensitivity For example, m the 7 March 1970 eclipse Davis 
and da Rosa identified waves with the relatively insensitive Faraday rotation technique 
whereas Sears (1972) was quite uncertain although he used the highly sensitive HF 
doppler technique. If the waves were sufficiently large to be detected m California 
from the eclipse it might be expected that they would be seen at Boulder, Colorado 
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which lies between the eclipse path and California HF doppler observations at 
Boulder by the present author failed to reveal such waves and I never published this 
negative result It could not be argued that this is due to sharp focusing over Cali¬ 
fornia since the measurements of Davis and da Rosa covered a large geographical 
area. Indeed Frost and Clark (1973) place the focus east of California. Further, they 
point out that whereas the ATS 1 event of Davis and da Rosa agrees with their esti¬ 
mate of the arrival time the ATS 3 event is somewhat early Thus there is some basis 
for skepticism. There is also some question about the speed of the waves 
(620±120m/s) observed by Davis and da Rosa. This speed is considerably larger than 
the speeds of gravity waves with periods near 20min ('~200m/s) which led Sears (1972) 
to suggest that they were surface waves. 

In the case of 30 June 1970 eclipse all indications were that Southwest Africa 
would be ideal to observe wave effects because of focusing. But again the results were 
negative. More positive results seem to obtain close to the path of totality in the three 
main eclipses of 1970, 1973 and 1976 Thus although we might expect some type of 
disturbance in the atmosphere to be created by the rapidly moving noon shadow, 
the experimental evidence should be viewed with caution. 

Theory 

Comparison of theory and experiment revealed several discrepancies. The initial 
model of Chimonas (1970) predicted wave periods of several (~ four) hours and atten¬ 
tion was confined to an ozonosphenc source and detection in the ionosphere. To 
account for the differences m predicted and observed periods, Chimonas and Hines 
(1971) pointed out that the difference was apparent rather than real because the bow 
shock in the penumbra is dominated by short wavelengths generated at the foremost 
part of the penumbra. Their essential pomt is that the observations of Davis and da 
Rosa were made much closer to the path of totality than was assumed for the published 
theoretical wave forms There is bias towards shorter periods because long-penod 
gravity wave components cannot ascend steeply from the source (Hines, 1967) 
Chimonas and Hines (1971) repeated the earlier calculations for a near field pomt 
and their results, shown m Fig 9, give a period near 20mm and the overall growth 
and decay pattern is similar to that observed by Davis and da Rosa (1970) 

One important detail emerged from these new calculations that concerns the vali¬ 
dity of the “fully developed” bow wave theory. When the computation was continued 
to greater times, after those shown in Fig 9, a second wave system of longer period 
but much smaller amplitude was found starting about 3 hours after the first received 
signal This latter wave could not be predicted by the steady state solution Chimonas 
and Hines (1971) insist that " Regardless of the uncertainties in the precise manner of 
its excitation, and the limitations of any model calculation applied to the real atmosphere, 
the present calculations appear to confirm beyond reasonable doubt that Davis and da 
Rosa in fact did observe the predicted bow wave.” 

To account for the pressure fluctuations observed by Anderson et al (1972), 
Chimonas (1973) used a tropospheric source of gravity waves and proposed that, 
rather than internal waves, the observed waves are surface or Lamb waves in which 
the energy is trapped in the lower troposphere and propagates horizontally from 
almost the entire shadow region to any observation pomt 
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Flo. 9. Pressure perturbation bow wave for a point 5000km off the axis of totality (after rhim«na« 
& Hines, 1971) 

Butcher et al (1979) noted that their observed wave periods differed from those 
predicted and those observed under similar eclipse conditions by Bertm et cd.{ 1977) 
and proposed a model that reconciled the differences. The model depends on the 
recovery of the wake of the umbral region by inward collapse of the atmosphere hori¬ 
zontally and that the observed wave periods are doppler shifted by motion of the 
source. They calculated the expected wave periods for four modes of source excitation, 
l e., the number of wavelengths of sound across the horizontal dimension of the 
umbral region across the path of the eclipse. In this way, they account for a wide 
range of periods although they pointed out that some of their model periods have 
not been observed. 


Conclusions 

There is little doubt that some form of atmospheric disturbance should be expected 
to emanate from a solar eclipse Furthermore, one would expect dispersion of such 
a disturbance in propagation through the atmosphere so that the penod and wave 
shape would be a function of the distance from the moon shadow to the point of 
observation. 

In spite of the remaiks of Chimonas quoted above one can hardly be 
satisfied with the experimental evidence It is interesting to note a trend m 
the literature with time in connection with the much quoted paper by Davis and da 
Rosa (1970) These authors stressed the uncertainties m their observations, which is 
very appropriate, but their caveats have sometimes been lost sight of in subsequent 
literature The mam difficulty is the fact that waves with the observed periods are 
present on most days and particularly on days of solar-terrestrial disturbance In 
almost every case m which positive evidence has been advanced there are disquieting 
aspects We have already referred to the question of equipment sensitivity in the case 
of 7 March 1970 eclipse Even more disquieting are the negative results from South¬ 
west Africa which should have given the most conspicuous signatures In the 
Australian eclipse of 23 October 1976 some observations are positive and some are 
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negative. F inally , the observations of Vaidyanathan et al (1978) give rise to some doubt 
because the wave periods, obtained from two sets of measurement of the same radio 
signals, differ. 

Thus, in conclusion, I want to point out that the experimental evidence for 
gravity waves generated by solar eclipses is unsatisfactory. 

References 

Anderson, R C. et al (1972) Atmospheric pressure and temperature changes during the 7 March 
1970 solar eclipse. J atm Set, 29, 583-587 

Anderson, R C, and Keefer, D. R. (1973) Temperature and pressure changes during the solar 
edipse. In: Solar Eclipse 1973 Bull S Nat Set . Found, 99-102 
Anastassiades, M, and Moraitis, G (1970) Travelling ionospheric disturbances in Athens during 
the March 7 solar eclipse. Nature, 226,1125-1126. 

Arendt, P. R. (1971) Ionosphere-gravity wave interactions during the March 7, 1970 solar eclipse. 
J. geophys. Res., 76,4695-4697. 

-(1972) Ionospheric undulations during the solar eclipse of 7 March 1970. /. atm. terr Phys, 

34,719-725. 

Baron, M, and Watt, T. M. (1970) Incoherent scatter observations. Solar Eclipse 1970 Bull, FNat. 
Sci. Found, 246-247 

Baulch, R. N. E., and Butcher, E. C. (1977) Atmospheric waves in the ionosphere due to total 
solar eclipse Nature, 269, 497 

Beer, T, and May, A. N. (1972) Atmospheric gravity waves to be expected from the solar eclipse of 
June 30, 1973 Nature, 240, 30-32. 

Bertin, F et al 1 (1977) Atmospheric-waves induced by the solar eclipse of 30 June 1973 J atm terr . 
Phys., 39, 457-461 

Broche, P, and Crochet, M. (1975) Generation of atmospheric gravity waves by the 30 June 1973 
solar eclipse in Africa. J atm terr . Phys, 37, 1371-1374. 

Broche, P etal (1976) Gravity waves generated by the 30 June 1973 solar eclipse in Africa J atm 
terr. Phys, 38, 1361-1364 

Butcher, E. C (1973) Possible detection of a gravity wave m the phase height of the F-region due to 
the eclipse of March 7,1970 J geophys. Res, 78,7563-7566. 

Butcher, E C et al (1979) Wavelike variations in the F-region in the path of totality of the eclipse 
of 23 October 1976 J. atm terr . Phys, 41, 439-444 
Carlson, H C etal (1970) Eclipse observations at Arecibo, Puerto Rico on March 7,1970 Nature, 
226, 1124-1125. 

Chimonas, G (1970) Internal gravity-wave motions induced in the earth’s atmosphere by a solar 
eclipse J geophys. Res, 75, 5545-5551. 

Chimonas, G. (1973) Lamb waves generated by the 1970 solar eclipse. Planet Space Set, 
21, 1843-1854 

Chimonas, G, and Hines, C. O (1970) Atmospheric gravity waves induced by a solar eclipse 
J geophys Res., 75, 875. 

-(1971) Atmospheric gravity waves induced by a solar eclipse, 2 J geophys Res, 

76,7003-7005 

Davies, K. (1980) Recent progress in satellite radio beacon studies with particular emphasis on 
the ATS-6 radio beacon experiment Space Set Rev, 25, 357-430 
Davis, M J, and da Rosa, A. V (1970) Possible detection of atmospheric gravity waves generated 
by the solar eclipse. Nature, 226, 1123. 

Frost, A D, and Clark, R R (1973) Predicted acoustic gravity wave enhancement during the 
solar eclipse of June 30, 1973 J geophys Res, 78, 3995-3997. 

Gierasch, P J. (1973) Atmospheric pressure fluctuations during the solar eclipse In Solar Eclipse 
1973 Bull 5 Nat. Set Found, 103 

Hajkowicz, L A (1977) Periodic fadings in VHF radio-satellite transmission during the solar 
eclipse on 23 October 1976 Nature, 266, 5598, 147-148. 



ATMOSPHERIC GRAVITY WAVES 


355 


Hines, C. O (1960) Internal gravity waves at ionospheric heights Can. 7. Phys., 38, 1441-1481. 

_—(1967) On the nature of travelling lonosheric disturbances launched by low-altitude nuclear 

explosions 7. geophys. Res, 72, 1877-1882. 

Hunter, A. N (1973) Atmospheric gravity waves generated by the eclipse In: Solar Eclipse 1973 
Bull Nat Set Found., 5, 85-86. 

Hunter, A. N. et at (1975) Faraday rotation studies in Africa during the solar edipse of June 30, 
1973 Nature, 250,205. 

Ichinose, T, and Ogawa, T. (1976) Internal gravity waves deduced from the HF doppler data 
during the April 19, 1958 solar edipse. 7. geophys Res, 81, 2401-2404. 

Jones, B. W., and Bogart, R. S (1975) Eclipse induced atmospheric gravity waves. 7. atm. terr. 
Phys, 37, 1223-1226. 

Lerfald, G. M. et al (1972a) Travelling ionospheric disturbances observed near the time of the 
solar eclipse of 7 March 1970. 7. atm. terr . Phys., 34,733-741. 

--(1972b) Propagation of submicrosecond HF pulses through travelling ionospheric disturb¬ 
ances. Proc. AGAKD Conf., No. 115, Effects of Atmospheric Acoustic Gravity Waves on 
Electromagnetic Wave Piopagation, 34-1—34-19 

Lilley, F. E M, and Woods, D V. (1977) Magnetic observations of the solar eclipse of 23 October 
1976 in Australia Nature, 226, 823-824. 

MacDougall, J (1970) Detection of ionospheric gravity waves. Solar Eclipse Bull . F Nat. Sci. Found., 

221 . 

Morton, F. W., and Essex, E. A. (1978) Total electron content observations during the 23 October 
1976 solar eclipse over south-eastern Australia 7. atm terr . Phys., 40,111-114. 

Oetzel, G N, and Chang, N J. F (1970) TED investigation at Stanford, Calif, during the 1970 
solar eclipse Solar Eclipse Bull. Nat. Sci. Found., 230. 

Scheepers, G L. M. (1978) Possible solar eclipse effect 23 October 1976. Nature, 271, 5640, 91-92. 

Schodel, J P. et al (1973 a) Atmospheric gravity wave observations after the solar edipse of June 30, 
1973 Nature, 245, 5419, 87-88. 

-(1973b) Atmospheric gravity wave observations after the solar edipse. In: Solar Eclipse 1973 

Bull: 5 Nat Sci Found, 92-93. 

Sears, R. A. (1972) Ionosphenc HF doppler dispersion during the edipse of 7 March 1970 and 
TED analysis 7 atm terr Phys , 34,727-732. 

Vaidyanathan, S, Raghava Reddy, C, and Krishna Murthy, B. V (1978) Quasi-penodic fluctuations 
in electron content during a partial solar edipse Nature, 271,40-41. 



9 Proc. Indian natn . Set Acad , 48, A, Supplement No 3, 1982, pp. 355-369 
Printed in India. 

Review (Gravity Waves) 

ATMOSPHERIC PRESSURE WAVES GENERATED BY SOLAR ECLIPSES 
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A review of the present state of knowledge about the solar eclipse-mduced 
pressure perturbations m the atmosphere is presented. The results of experi¬ 
mental measurements on the ground-level pressure perturbations during solar 
eclipses are critically reviewed and compared with theoretical predictions The 
Lamb wave hypothesis of Chimonas (1973) is shown to provide a satisfactory 
explanation for the ground-level pressure perturbations; but more theoretical 
modelling work is needed to find out the reasons for the low amplitudes or the 
non-existence of eclipse-mduced pressure perturbations during several observa¬ 
tions It is also pointed out that the lonosphenc observations on solar eclipse- 
induced perturbations m the upper atmosphere are inconclusive in relation to 
the hypothesis that the gravity waves generated in the stratosphere m the wake 
of the moon's shadow can generate ionospheric perturbations It is concluded 
that further theoretical work and well-planned measurements from a network of 
observing stations are needed for further elucidation of the relevant questions 

Keywords: Atmospheric Pressure Waves; Electron Density & Content 

The most spectacular and visually appealing phenomena which take place during 
a solar eclipse are those involving the sun. However, the earth’s atmosphere, which 
is directly and indirectly influenced by solar radiations m so many ways, responds 
readily to the rapid reduction of the solar radiation during an eclipse Some of the 
resulting atmospheric changes are straightforward and easy to understand like the 
decrease m air temperature at ground level and above, and the general decrease of 
the wind and turbulence m the atmospheric boundary layer. On the other hand, 
some other changes m the atmospheric state have their origin m more complex 
processes caused by the solar eclipse. One such phenomenon is the quasipenodic 
fluctuation of the ground level atmospheric pressure during the solar eclipse This 
phenomenon has received considerable attention of atmospheric scientists in the 
last ten years primarily because of the theoretical models proposed by Chimonas 
and Hines (1970) and Chimonas (1970, 1973) delineating the physical processes 
which could generate such wave-hke perturbations in the atmospheric pressure. 
This is one atmospheric phenomenon which is simple in nature but complex m its 
origin. 

Chimonas and Hines (1970) proposed the idea of atmospheric gravity waves 
being generated m the wake of the moon’s shadow which sweeps across the strato¬ 
sphere with supersonic speed and cools the region around 45km altitude Normally, 
the heating rate is high in this region because of the solar UV absorption by ozone. 
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The gravity waves thus generated can propagate upward into the upper atmosphere 
and give rise to observable ionospheric perturbations. Propagating downward, the 
gravity waves can generate small but still measurable fluctuations of the atmo&ybenc 
pressure at ground level. The attempts to measure the predicted gravity wave pertur¬ 
bations at ionospheric heights have produced both positive evidences and negative 
results to-date. The measurements of ground-level pressure perturbations have shown 
that a surface wave (Lamb wave) type perturbation, originating in the troposphere 
rather than in the stratosphere, is the likely cause of the observed pressure fluctua¬ 
tions during the eclipses 

In this review paper, an overview of the theory and experimental observations 
of the ground-level pressure perturbations during solar eclipses is presented. Only 
a bnef mention is made about the other aspect of atmospheric gravity waves in the 
upper atmosphere during the solar eclipses 

Early Observations 

On simple physical considerations, one would expect changes in the ground-level 
atmospheric pressure during a solar eclipse. At the time of eclipse, the of 

the ground and the overlaying air mass is reduced. As a consequence of this reduced 
hearing and the spatial gradients of the temperature, one would expect a change in 
the ground level atmospheric pressure. At any given location, the pressure chang* 
need not necessarily have a simple relationship, in phase or am pUM * with the 
temperature change at that location. Realising the importance of measurements on 
the solar eclipse-induced pressure changes, observations were carried out even during 
the 19th century A summary of the early observations on pressure change is given 
m Table I, while some typical records of the early observations are shown in Fig 1. 
Both are taken from Anderson et al. (1972) 

Table I 

Early measurements of ground level pressure changes during solar eclipses 
[after Anderson et al. (1972)J 



Date of 

Eclipse 

Approximate 
pressure change 
fcb) 

Number of 

_ 

Location 

r — ~ 

Maxima 

j 

Minima 

1 

19 August 1887 

260 

0 

1 

Russia 

2 

»» 

NA 

1 

0 

» 

3 

*» 

230 

2 

2 

»* 

4 

1 January 1889 

280 

2 

2 

California (USA) 

5 

4 April 1893 

150 

2 

2 

Chile 

6 

28 May 1900 

100 

0 

1 

Georgia (USA) 

7 

18 June 1918 

200 

— 

— 

U.S A 

8 

8 April 1921 

280 

2 

2 

Sweden 

9 

25 February 1952 

450 

2 

3 

Israel 


Excepting 1 , 2 , 7, all other cases are single station observations. 
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Two features in Fig. 1 are worth noting: (a) the presence of irregular pressure 
fluctuations of much shorter duration than that of the longer period smoothly vary¬ 
ing components which are attributed to the solar eclipse effect; the shorter penod 
fluctuations can have large amplitudes on some occasions, and obscure the solar 
eclipse-induced perturbations; (b) the presentation of a ‘mean’ curve after avera ging 
the perturbations during many eclipses (or for many stations in some cases). Such 
‘mean’ curve may not always be very meaningful, if the characteristics of the eclipse- 
related perturbations are not repetitive fropi eclipse to eclipse (or from station to 
station), particularly with regard to their phase in relation to the eclipse time. 

START TOTAL ENO 



MINUTES 75 60 45 30 15 O 15 30 45 60 75 

Fig 1 Some early observations on atmospheric pressure fluctuations during solar eclipses Time is 
centred around the maximum phase of eclipse denoted by double vertical bars The length 
of the short vertical lines at the ‘start’ and ‘end’ of the eclipse corresponds to 150 microbars 
approximately in case of 1893 event [after Anderson et al (1972)] 
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The early observations indicate, on the whole, the presence of significant pressure 
perturbations during solar eclipses, with typical amplitudes of about 200-300 micro¬ 
bars and quasipenods corresponding to the semi-duration of the eclipse. It is not 
entirely clear, however, that how successfully the eclipse-induced perturbations have 
been isolated from the atmospheric pressure perturbations of other origins More¬ 
over, the scientific effort in making such measurements has remained rather sparse 
until 1970, mainly due to lack of theoretical models. 

Theoretical Model of Gravity Wave Generation During a Solar Eclipse 

The theoretical work of Chimonas and Hines (1970) gave a strong impetus to a new 
scientific interest m measuring the atmospheric pressure changes during solar 
They proposed a theoretical model of a physical me chanism which can give rise to 
pressure perturbations in the upper atmosphere as well as at ground level They 
argued that the atmospheric region around 45km, in which the daily heating rat* 
due to the solar UV radiation absorption by ozone was a maximum, could get cooled 
significantly during the solar eclipse in the absence of the UV radiation. Since the 
moon’s shadow in the stratosphere travels with supersonic speed along the line of 
totality, the progressive cooling of the stratospheric air mass with such supersonic 
speed would generate acoustic gravity waves in the wake of the high speed shadow, 
and a bow wave would result. Based on the estimates of Murgairoyd and Goody 
(1958) for stratospheric heating rates, Chimonas (1970) computed theoretically the 
pressure perturbations that would result in the upper atmosphere (i.e., at F-region 
heights) and at the ground level, at distances of several thousand kilometres away 
from the source region. While the fractional pressure change caused by the accoushc 
gravity waves (generated in the wake of moon’s shadow m the stratosphere) is about 5 
per cent of the ambient in the 200-250km altitude region, the estimated change is only 
0.002 per cent or a few microbars at the ground level. Chimonas and Hines (1970) and 
Chimonas (1970) pointed out that the comparatively large pressure changes in the 
upper atmosphere would be easily detectable through radio methods of measuring 
the ionospheric perturbations caused by the gravity waves. The detection of the 
small pressure changes at the ground level would be a much more difficult task, 
though the modern microbarographs have the required sensitivity levels 

Ionospheric Observations 

Subsequent to the theoretical prediction by Chimonas and Hines (1970) and 
Chimonas (1970), several observations were made on the ionospheric changes during 
the solar eclipses of 7 March 1970, 30 June 1973, 11 May 1975, 29 Apnl 1976 and 
23 October 1976 in an attempt to detect and delineate the nature of the predicted 
acoustic gravity wave-generated disturbances [Anastassiadis & Moraites, 1970, 
Carlson et al, 1970, Davis & da Rosa, 1970, Arendt, 1971, 1972, Lerfald et al, 
1972, Sears, 1972, Butcher, 1973, Baulch & Butcher, 1977, and Vaidyanathan 
et al, 1978] Among all the observations, the observations of Davis and da Rosa 
(1970) show most clearly the wave-hke nature of the ionospheric perturbation 
m the total electron content From two station records, they could also deduce 
the direction of the disturbance motion which was as theoretically predicted. There 
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are a numb er of other observations which indicate the occurrence of quasi-periodic 
va riations during the solar eclipses, but their detailed characteristics do not fully 
match the theoretically predicted characteristics like the wave periods, the propaga¬ 
tion delays expected, the horizontal/vertical speeds and wavelengths [Broche & 
Crochet, 1975; Bertm et al., 1977; Lilley & Woods, 1977; and Scheepers, 1978] 
SchSdel et al.( 1973) and Hunter et al (1974) reported a negative result from their 
observations of the F-region maximum electron density and the total electron content 
(TEC) respectively. The presence of geomagnetic storm and substorm effects during 
the eclipses mi ght have obscured sometimes the real eclipse-related gravity 
wave perturbations, ifany;andthe substorms might have produced perturbations 
which were in some cases attributed wrongly to the gravity waves generated in the 
stratosphere due to the eclipse effect 

On the whole, the experimental evidence in support of the hypothesis of 
rhimnnas and Hines (1970) about the generation of acoustic gravity waves in the 
stratosphere m the wake of moon’s shadow remains inconclusive at present In 
arMitinn to the natural limitations imposed by the circumstance of magnetic storm 
effects getting mixed up with the solar-eclipse induced effects, the other limitations 
in a quantitative comparison of theory and observations are: (a) theoretical predic¬ 
tions are made for the far-field effects l e., the bow wave perturbation charactenstics 
at distances of several thousand kilometres away from the source region are des¬ 
cribed, whereas many of the observations are made inside or near the source region; 
(b) the atmosphenc effects of refraction, reflection, ducting and dissipation, which 
are not considered m the theoretical model of Chimonas (1970), can significantly 
modify the wave charactenstics; and (c) other source regions in the upper mesosphere 
and lower thermosphere, though energetically weaker, may make a significant contri¬ 
bution to the observed perturbations at F-region levels. Further detailed considera¬ 
tion of the above factors is beyond the scope of this paper. A more detailed review 
of the eclipse-generated gravity waves in the upper atmosphere is presented in 
Dr Kenneth Davies’ article in this volume. The article by Butcher et al (1919) 
as quoted by Kenneth Davies contains a good discussion of the various observations 
vis-a-m the theoretical predictions 

Ground Level Pressure Changes During Solar Eclipses 

Interestingly, the observations reported in the literature on the ground level atmos¬ 
phenc pressure disturbances during solar eclipses are much fewer than those on 
corresponding ionospheric disturbances Anderson et al (1972) reviewed briefly the 
earlier measurements reported in the literature and concluded that the pressure 
changes were consistently oscillatory with a quasipenod approximately equal to the 
semi-duration of the eclipse and with an amplitude of 200-250 microbars, with very 
few exceptions. Their own observations dunng 7 March 1970 solar eclipse showed 
oscillatory pressure changes at eclipse time, consisting of one dominant period around 
90 minutes with an amplitude of 250 microbars and other smaller periods with one- 
fourth or less of the above amplitude The observed dominant period (89 ^ 4 minutes) 
was nearly equal to the semi-duration of the eclipse (81 minutes), while the amplitude 
was also the same as that in the earlier observations The residual pressure fluctua- 
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tions. which were extracted from a background of larger pressure rfian g - q 
diurnal thermal tide and a linear trend, are shown in Fig. 2 along with the pressure 
fluctuations observed by Klein and Robinson (1952) during 25 February 1952 eclipse. 
The similarity of the fluctuations on the two occasions is to be noted, particularly 
the occurrence of two cycles of perturbation. Lmdholm and Bergstein (1923) also 
reported similar features from their observations during 8 April 1921 eclipse. 

From the above, Anderson et al (1972) concluded that their observations on 
the centre line of the eclipse path could successfully detect the eclipse-induced pres¬ 
sure fluctuations at ground level 



Fig. 2 Residual fluctuations of the ground-level atmospheric pressure (after removing linear trends 
are the daily tides) during 7 March 1970 solar eclipse as observed by Anderson et d. (1972). 
The broken curve shows the corresponding fluctuations during 25 February 1952 eclipse. 

However, many other recordings by other scientists during the same eclipse did 
not show the presence of eclipse-induced pressure fluctuations Anderson et al (1972) 
attributed this negative result to the instrumental limitation of other experimenters 
who used cut-off filters which suppressed fluctuation periods longer than about 17 
mm The result of Anderson et al (1972) also shows a major discrepancy between 
the observed amplitude (^250/^b) vs the predicted amplitude (^2/*b ) They pointed 
out that the larger observed amplitude was probably the result of the solar insolation 
absorption by water vapour m the lower troposphere being a much stronger source 
compared to the UV absorption by stratospheric ozone In their theoretical treat¬ 
ment of the problem, Chimonas and Hines (1970) did not include the contnbution 
of the troposphere water vapour, though they recognized its potential importance 

Theoretical Model 

In an attempt to explain the observations of Anderson et al. (1972), Chimonas 
(1973) worked out a theoretical model m which the eclipse-time reduction of solar 
insolation absorption by lower tropospheric water vapour was considered as the 
source for the generation of atmospheric waves The accurate modelling of the tropo¬ 
spheric water vapour is indeed a very difficult task, considering the scarce observational 
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data and the high spatial and temporal variability of the water vapour content In 
spite of this major difficulty, Chimonas’ (1973) theoretical work brought out many 
points about the characteristics of the atmospheric waves that are gene¬ 
rated in the troposphere Firstly, propagating acoustic gravity waves generated in 
the troposphere were shown to be very weak because of the nearness of the reflecting 
ground surface and the consequent destructive interference. The effect is particularly 
severe for waves with vertical wavelengths greater than about a density scale height. 
He showed further that the source region beams towards the ground free internal 
waves within a very narrow cone with its axis inclined at 3.7° to the horizontal and 
with its semi-angle being only 1 5° Concluding that the strength of propagating 
internal waves or acoustic gravity waves generated in the lower troposphere was 
negligible, he worked out a simplified theoretical model for the generation of Iamb 
waves or surface waves which have their energy trapped in the lower troposphere and 
thus propagate horizontally along the surface away from the shadow region to large 
distances with comparatively small losses. Through his model numerical calculations, 
Onmnnas (1973) showed that given the presence of a sufficient water content in the 
troposphere—as during the presence of clouds for example—a Lamb wave could 
be genwaterl efficiently during a solar eclipse and that the surface pressure wave 
thus generated has an intensity, a period and a wave shape which were very similar to 
those observed by Anderson et al. (1972). Chimonas (1973) pointed out that during 
the 7 March 1970 eclipse there was a dense cloud cover at the Flonda site of obser¬ 
vations by Anderson et al (1972), whereas clear sky conditions prevailed at another 
Flonda site where the atmospheric pressure fluctuations could not be detected 
(Frostman & Dabberdt, 1970) Chimonas argued that the cloud cover at one site 
provided a troposphenc water content which was above normal, while the water 
content at the cloudless site was perhaps inadequate to generate Lamb waves of 
detectable intensity. The correctness or otherwise of this argument is not easy to 
verify in the present state of poor monitoring of the water content in the atmosphere. 
Apart from this argument—which explains m a single breath the occurrence as well 
as the non-occurrence of eclipse-generated ground level pressure waves—the theoreti¬ 
cal work of Chimonas (1973) provides a plausible explanation of the somewhat defi¬ 
nitive observation of Anderson et al. (1972) 

The satisfactory match of observation and theory, as outlined above, did not 
get strengthened further through later observational results. During 30 June 1973 
solar eclipse, the path of totality spanned across the African continent, and ground 
level pressure changes were measured at different locations m the path of totality. 
At Chenguetti (20 o 27'N, 12°22'W) in Mauritania, Anderson and Keefer (1975) 
recorded the atmospheric pressure, temperature and wind. They used an improved 
version of their earlier pressure sensor (Model 210 MKS Baratron), but the experi¬ 
ment led to a null result because of a large pressure depression arising from local 
weather conditions being superposed on the eclipse-induced changes, if any. Fig 3 
shows the records Two features are to be noted in this figure (a) the presence of 
similar pressure fluctuations before and after the first contact, and (6) the onset of a 
large pressure depression, obviously due to some local weather disturbance, soon 
after the maximum phase. The above two features together make it impossible to 
identify the eclipse-induced pressure changes, even if they were present 
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Fto 3 The ground-level pressure changes recorded by Anderson and Keefer (1973) during 30 T im- 
1973 eclipse. 


Jones and Bogart (1975) also reported a null result for the 30 June 1973 eclipse 
from their microbarometer recordings at a location (2°45'N, 36°43'E) in northern 
Kenya Under the conditions of very light winds, excellent records of pressure changes 
were obtained. The mean pressure and the diurnal and semi-diurnal pressure cycles 
were removed by curve-fitting procedures to arrive at the residual pressure variations 
due to other processes including the solar eclipse effect. The residuals are shown in 
Fig. 4 for the eclipse day and for a non-eclipse day with light winds and little cloud 
cover. Similar pressure fluctuations are observed before, during and after the eclipse 
time, making it impossible to draw any definite conclusion about the presence of 
eclipse-induced pressure fluctuations The observation of comparable fluctuations 
m the same local time sector on the non-eclipse day strengthens the doubt about the 
presence of eclipse-related fluctuations. Apart from the region of totality, two other 
experimental observations in locations well away from the path of totality also pro¬ 
duced null results (Schodel et al, 1973, and Beckman & Clucas, 1973). 

Jones and Bogart (1975) reported that the cloud cover was 15 percent cumulus with 
a slight haze, while Anderson and Keefer (1975) did not comment on the cloud condi¬ 
tions. Assuming that the presence of any significant cloud cover would have led to 
a comment in their paper to that effect by Anderson and Keefer, and assuming further 
that the 15 per cent cloud cover reported by Jones and Bogart was not large enough to 
increase the tropospheric water content significantly above the normal value, the 
observed null results m both cases can be interpreted to mean (in the light of Chimo- 
nas’ (1973) Lamb wave hypothesis) that the source strength was not adequate to 
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Flo. 4 a. The ground-level residual pressure fluctuations observed by Jones and Bogart (1975) during 
30 June 1973 eclipse The mean pressure, the diurnal tide and the semi-diurnal tide are 
removed by curve-fitting procedures to arrive at the residual pressure fluctuations 
b. Residual pressure fluctuations on a non-eclipse day (27 June 1973). 


generate Lamb waves of large enough magnitude above the background ‘noise’ level 
of the pressure fluctuations caused by other natural weather processes In spite of 
such a reconciliation of theory and observation in qualitative terms, the null result 
leaves behind a feeling of scientific uncertainty More importantly, the observational 
results of Anderson and Keefer (1975), and Jones and Bogart (1975) focus attention 
on the fundamental limitation of single location recordings Only through multiple 
point observations it is possible to isolate the solar eclipse-related pressure changes 
from the background of other pressure changes due to local weather conditions At 
two locations which are sufficiently away from each other (say a 100km or more), 
the local weather-related pressure fluctuations can be expected to be largely un¬ 
correlated, while solar eclipse induced fluctuations would be well-correlated, with 
or without a time lag. 

Realising the importance of multiple point observations, Jones (1976) used 
ground level pressure sensors at two sites, Oxford and Milton Keynes, in U K. 
during the partial (86 per cent) solar eclipse of 11 May 1975 The two places were sepa¬ 
rated by 51km The distance from the above two places to the centre of the penumbral 
shadow region varied with time from 3500km to 1500km and to greater thaw 3500km 
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as the shadow moved from northern Africa through the Atlantic to northern fating 
Thus, the observations of Jones can he considered as far-field observations in contrast 
to the centre-line observations discussed earlier. Good recor dings of pressure fluctua¬ 
tions were obtained at the two locations under favourable weather conditions and 
the data were subjected to careful analysis. The cross-correlation of the d^ndyd 
residuals at the two stations did exhibit important maxima for certain values of 
time lag, as shown in Fig. 5. However, quantitative statistical tests of signifirano* 

led to an uncertain result which was well summarized in Jones’ sfatwnont «. 

therefore, the hypothesis cannot be refuted that all the structure in Fig 1 (Fig. 5 of 
this paper) arises from two first-order autoregressive processes and consequently, exhibits 



Fig 5 The computed cross-correlation function of the residual pressure fluctuations at Oxford 
and Milton Keynes (separated by 51km) inUK during 11 May 1975 eclipse (after Jones, 
1976) 


no eclipse-induced waves ” It appeals that the chosen separation of only 51km for 
the two observing stations was too low to avoid correlated weather disturbances m 
ground level pressure at the two stations From the cross-correlation analysis, Jones 
(1976) also estimated an approximate upper limit of 170/*bars for the wave-like 
perturbation observed at the two UK sites Since the theory of Chimonas (1973) 
gives an estimate only for the points on the path of totality but not for the far away 
points from to tali ty, it was not possible to make a comparison between the estimated 
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upper limit of the observed perturbation and the theoretically expected value. Thus, 
this ex p erimental attempt to match the observation with theory has again led to an 
inconclusive result 

Three-Station Experiment in India During 16 February 1980 Eclipse 

With a view to achieve a more decisive result than what was achieved previously on 
the possible generation of atmospheric pressure waves during solar eclipses, a three- 
station experiment was conducted m India during the total solar eclipse of 16 Febru¬ 
ary 1980. Atmospheric pressure changes were recorded with suitable microbarographs 
at the three locations of Gaunbidanur(93 per cent obscuration), Snhankota (91 per cent 
obscuration) and Trivandrum (80 per cent obscuration) The separation distances for 
the three stations are 277km, 667km and 575km. With such large separations, the local 
weather-generated pressure disturbances can be expected to have negligible correlation 
except perhaps through a rare coincidence of similarity in then temporal variations. 
On the other hand, the solar eclipse-induced pressure fluctuations can be expected to 
have a high degree of correlation. A cross-correlation analysis of the pressure varia¬ 
tions at the three stations has brought out the reality of an eclipse-related pressure 
disturbance at all the three stations. The disturbance amplitude is about 400/tbar; 
and it consists of a dominant component of 128min period and two weaker compo¬ 
nents of 32mm and 16min periods. Full details of the results are available in the 
paper by Kunhiknshnan and Krishna Murthy (1981) in this volume. 

It is to be noted that at all the three stations cloudless conditions prevailed at 
the time of observations. Considering the large amplitude of the observed perturba¬ 
tion, it appears that a large increase in the tropospheric water content in terms of 
clouds is not an essential condition for the generation of Lamb waves. A large amount 
of water vapour in the tropical atmosphere, especially at coastal locations like Sn¬ 
hankota and Tnvandrum, may be adequate for the generation of Lamb waves of 
large enough amplitude. 


Discussion and Conclusions 

From the review of the expenmental results on the ground level atmosphenc pressure 
perturbations during the solar eclipses two important features emerge, (a) whenever 
the solar eclipse-related pressure perturbations could be isolated from other pertur¬ 
bations simultaneously present, the perturbation amplitudes turn out to be large, 
with typical values in the 200-200/ibar range, and the largest values approach 500 
A»bar level; and ( b ) the solar eclipse-related pressure fluctuations are quite often 
obscured by the pressure fluctuations caused by local weather disturbances, indicat¬ 
ing thereby that the eclipse-related perturbations are either too weak or absent on 
such occasions Thus, a large variability in the amplitude of the solar eclipse-induced 
pressure changes is indicated. 

The hypothesis of Lamb wave generation due to the eclipse-time reduction of 
solar insolation absorption by the tropospheric water vapour (Chimonas, 1973) 
explains successfully the main characteristics of the observed perturbations, like the 
amplitudes, the periods and the shapes of the wave-like perturbations. The absence 
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or the uncertain presence of the expected perturbation in many cases is not 
factonly explained as yet. Fig. 6 shows the theoretically computed perturbation m 
ground pressure, and also the locations of the two observational sites A and B used 
by Anderson et al. (1972) and Frostman and Dabberdt (1970), respectively. The 
pressure of a cloud cover at A and its absence at B are to be noted. However, large 
areas surrounding B are having cloud cover; and it is difficult to wngut how a 
strong Lamb wave generated in the nearby region of cloud cover would not propagate 



Fro. 6a, Theoretically computed pressure disturbance at ground-level at site A in Fig. 6b due to the 
Lamb wave Frain induced by the action of the eclipse of 7 March 1970 on the cloud bank 
over site A 

b The central path (CP) of 7 March 1970 eclipse in North America and the cloud areas 
(hatched) as revealed by satellite photographs Observations by Anderson et al, (1972) were 
at site A, and those by Frostman and Dabberdt (1970) were at site B (after Chimonas, 1973). 


to B and register a pressure perturbation there. Thus, the idea of the large water 
content m an overhead cloud cluster being responsible for the generation of large 
amplitude Lamb waves detected at a given location is qualitative at best and it is 
not entirely satisfactory This idea is not supported by recent observations in India 
(Kunhiknshnan & Krishna Murthy, 1981) A generalized model computation with 
different levels of water vapour content m the troposphere will be very valuable for 
understanding the relationship between the amplitude of the Lamb waves generated, 
and the tropospheric water content and its spatial distribution. Such a model study 
may provide a satisfactory explanation of why the solar eclipse-induced atmospheric 
waves are strong on some occasions at some places, and they are comparatively weak 
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or non-existent at other times or places. A second aspect which needs a theoretical 
modelling study is the propagation of the Lamb waves from the source region The 
attenuation and other characteristics of the waves m regions far away from the source 
region are to be investigated, taking into account the orographic effects. 

The future experimental observations should emphasise simultaneous measure¬ 
ments of the related parameters at a number of selected locations. The ground-level 
pressure changes, the altitude profiles of water vapour m the lower troposphere, the 
cloud structures and heights and the tropospheric winds and temperatures are to be 
measured at a large number of suitably chosen sites which are spread along and across 
the path of totality and cover the source region as well as the far-field region. Only 
such well-planned observations from a network of stations are likely to lead to 
decisive advances m our observational knowledge of the physical processes involved 
m the generation of atmospheric waves by the solar eclipse-associated cooling in the 
atmosphere. 
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Gravity Waves 

EVIDENCE OF ATMOSPHERIC GRAVITY WAVES IN THE WAKE OF THE 

ECLIPSE SHADOW 
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In this paper, an attempt at obtaining evidences of atmospheric gravity waves at 
ground level and at ionospheric heights during the total solar eclipse of 16 
February 1980 is described. The observations were made with two microbaro- 
graphs located at Hyderabad (maximum obscuration 99 per cent) and at Delhi 
(65 per cent), a Dopplometer at 10MHz located at Calcutta receiving ATA, 
Delhi and an lonosonde at Delhi. Wavelike disturbances could be distinguished 
in the Hyderabad microbarograph and in the Dopplometer records that would 
tend to suggest as originating from the region of totality. No dear evidence of 
wave motion could be detected at Delhi either on microbarograph or in the 
ionograms. 

Keywords: Gravity Waves; Microbarograph; Dopplometer; Ionogram; Infra- 
sonics; lonosonde 


Introduction 

In previous eclipses, many experiments were concerned for detecting atmospheric 
gravity waves (as predicted by Chimonas & Hines, 1970) caused by the cooling action 
of the moon’s shadow when it crosses the atmosphere with supersonic speed (Davies 
& da Rosa, 1970; and Anastassiades & Moraitis, 1970). Considerable success was 
claimed regarding gravity waves in the higher regions of the ionosphere (Chimonas, 
1973) Experiments conducted to detect such wave motions at ground level by moni¬ 
toring the ground level pressure variations (Anastassiades & Moraitis, 1970; and 
Anderson et al, 1972) could not provide results that were conclusive 

The total solar eclipse of 16 February 1980 olfered an opportunity for the study 
of its effect, especially generation of atmospheric gravity waves, in the ionosphere, 
lower atmosphere and at ground level It was all the more interesting because the 
eclipse occurred during afternoon and a totality path was available m India and the 
duration of totality was for about 2 minutes 

Two microbarograph units of identical type (for details, see Venkatachari & 
Bhartendu, 1979) were operated, one at Hyderabad (maximum obscuration 99 per cent) 
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and the other one in Delhi (65 per cent) to monitor any eclipse effect superposed on 
the normal ultrasonic pressure variations. The effect was also studied by mnnit/M-ing 
frequency deviation with a Dopplometer (10MHz) operated at Haringhata, Calcutta 
which monitors ATA signals from Delhi An ionosonde was also operating at Delhi. 

The primary objective of the study was to look for evidence of atmospheric 
gravity wave motions caused by the supersonic movement of the moon’s shadow 
during the total eclipse of 16 February 1980. 

Observation and Interpretation 
(a) Infrasomc Observations 

Over Delhi, eclipse began at 1436hr and ended at 1651hr with maximum obscura¬ 
tion at 1547hr 1ST. A study of the infrasomc pressure variation at Delhi (Fig. 1) 
shows that the amplitude of the pressure changes are comparatively less than on 



Fig. 1 Infrasomc pressure variations at Delhi on the eclipse day (16-2-1980) B-begmnmg; M- 
Maxunum phase, E-end of eclipse 

other days for the duration of the eclipse. This is due to decrease of temperature 
during the eclipse But there are no indications of any gravity wave type motions 
on the records. 

At Hyderabad, eclipse started at 1428hr and ended at 1656hr with maximum 
obscuration at 1547hr 1ST A study of the infrasomc pressure variations at Hyderabad 
(Fig 2) reveals that the amplitude is less from the start of the eclipse indicating a 
temperature effect. There was no perceptible wavelike motion, either before the 
start of the eclipse or till the maximum phase is reached. But from this time, a definite 
wave motion is seen for 1 to 2 hours, superposed on the random variations The 
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Fig 2. Infrasomc pressure variations at Hyderabad on the eclipse day (16-2-1980) B—Beginning; 
M—Maximum phase, E—end of the eclipse 


initial period was 55 minutes, and it decreased gradually 

A magnetic storm was in progress on the eclipse day. Infrasomc pressure records 
are generally more agitated on the storm days compared to magnetically quiet days 
(Srivastava et al, 1981) The decrease in amphtudes of the infrasomc variations of 
thermal origin, noted during the eclipse, would eliminate any storm time variations 
and the amplitude fluctuations with larger periods could be ascribed to the eclipse 
effect 

Power spectra analysis (Blackman & Tukey, 1958) for Hyderabad for the eclipse 
duration showed that it was maximum around a period of 33 minutes whereas on 
control day (for the same time block) it was maximum around 17 minutes This may 
mean that the longer period waves were present on the eclipse day Similar analysis 
for Delhi did not give any significant variations. The maximum was around 17 minutes 
on both days. 


(b) Dopplometer Observations 

The ATA signals (10MHz) would normally be propagated via F-layer at a height 
of about 160km with an equivalent vertical incidence frequency of about 4.2MHz 
and reflected over an area roughly above Banaras (Maximum obscuration 81 per cent). 
The Dopplometer records (Fig 3) of Delhi-Calcutta path definitely showed a wave- 
like pattern on the eclipse day, in striking contrast to the control day Wave motions 
with shorter penods were found even before the start of the eclipse Near the maxi¬ 
mum phase, the period of oscillations is roughly one hour, the subsequent oscillations 
being of gradually decreasing periods This is similar to that observed at Hyderabad 
with the microbarograph The delay in the onset of the wave disturbance between 
Hyderabad and Banaras is of the order of 5 minutes 
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Fig. 3. Dopplometer 10MHz records (Delhi-Calcutta path) on the eclipse day (16-2-1980) and 
on control day (13-2-1980) Beg—beginning, Max—maximum phase and Bod—end of 
the eclipse 

(c) Ionosonde Observation 

A J-S ionosonde (l-20MHz) operating at Delhi did not show any significant 
change in / 0 F2. Hus may be due to the fact that a magnetic storm was in progress 
on the eclipse day and any eclipse effect was masked by it FI- and E-Iayer critical 
frequencies decreased following expected patterns of insolation during the eclipse. 
No attemp t was made to obtain electron density true height (N-fi) profiles as they 
would be doubtful without any information regarding the vally between E and FI 
and also because some travelling wavelike disturbances with kinks in the FI trace 
were observed. This may be an evidence of wave motion in the Fl-layer caused by 
the eclipse. However, no significance is attached to this because such patterns are 
quite commonly observed in FI traces at that time on other days as well. 

Discussions 

Chimonas and Hmes (1970) predicted generation of atmospheric waves by the super¬ 
sonic motion of the moon’s shadow during solar eclipses. Studies on previous solar 
eclipses have revealed the presence of atmospheric waves in some cases but in some 
cases the wave motions were not found It was assumed that the principal source of 
generation of these waves was ozone heating region around 45km (Chimonas & 
Hmes, 1971). So it was concluded that the contradictory result was due to differing 
ozone concentrations during the epoch of the eclipse (Tom Beer, 1974). But there 
are other sources like molecular oxygen heating around 90km and low altitude 
troposhenc heat absorbers like H„0 and CO* where the wave motions can be~ 
generated It was also thought that if the generation is at ground level or tropospheric 
origin, the effect would be picked up by sensors at ground If the generation is at 
higher level, it is difficult to monitor the effect at ground level (Tom Beer, 1974). 

In the present study, the wave motions were revealed by lnfrasomc pressure 
variations at Hyderabad, but not at Delhi As the lunar shadow moves along the path 
of the eclipse, it produces effective cooling spots that act as source of gravity waves 
Hyderabad, b eing very close to the totality path, recorded the effect. The reason, 
for not observing wave motions at Delhi, may be the distance factor (about 1500km 
from the totality path) No reinforcement of the waves due to focusing would be 
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as the curvature of the eclipse path was not favourable for Delhi. Apparently, 
they were attenuated to below the level of detection 

Observation of the wave motions in the Fl-layer around Banaras with the Dopplo- 
meter would indicate that waves in that height region were much less attenuated 
than a t the ground level. The wave motions noted prior to the start of the eclipse are 
difficult to u nder s tand unless there are some movements associated with the magnetic 
storm in progress (Davies & da Rosa, 1970) 

In conclusion, it can be stated that the wave motions were possibly generated 
by the supersonic travel of the totality shadow and spread outwards. The tropo¬ 
spheric waves perhaps, were attenuated to a larger extent, but the disturbance could 
travel with much less impedance at Fl-layer heights. 
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Short term fluctuations in ionospheric first order echo amplitu de at Waltair are 
investigated for eclipse effects. Power spectrum analysis of short term fluctuations 
during the period 1500-1630 hours on 16 February 1980 when a near total solar 
eclipse (99 per cent) occurred, showed periods with a lower cut-off period equal 
to 6 75 minutes significantly higher than the cut-off period of 5 25 minutes for the 
corresponding period on 15 February 1980 taken as the control day. The group 
height was found to increase from 110km just before the eclipse to an average of 
127 5km around the middle of the eclipse period The larger cut-off period on the 
eclipse day is attributed to the increase in the level of altitude region where most 
of the ionospheric absorption is caused. Neglecting the effect of neutral winds and 
assuming the absence of significant ionization at the D-region heights during a 
near total eclipse, we infer that the temperature at an altitude of about 127.5kru 
is significantly lowered during the eclipse 

Keywords: Solar Eclipse; Gravity Wave; Ionospheric Cooling 

Introduction 

The amplitude records obtained at Waltair (17° 43'N, 83 4 18' E) for measuring 
ionospheric absorption by the A1 technique always exhibit quasi-penodic oscilla¬ 
tions, which can be attributed to short term variations in the electron concent¬ 
ration at altitudes where significant absorption is caused There is some evidence 
to show that internal gravity waves might cause the often observed short term varia¬ 
tions m the electron concentrations at D-region heights (Manson & Meek, 1977) 
The power spectra of these short term fluctuations of ionospheric absorption or 
ionospheric echo amplitude generally show a high frequency cut-off The period 
corresponding to this cut-off frequency is hereafter referred to as the ‘cut-off period ’ 
In the absence of neutral winds, the lower cut-off period of internal gravity wave 
induced perturbations equals the Brunt period Titheridge (1971) has used the power 
spectrum analysis of total electron content variations to determine the scale height 
or temperature of the F-region using the cut-off period of the power spectrum as an 
indicator of the Brunt period If the short period fluctuations observed m our present 
investigation can all be ascribed to internal gravity waves, then neglecting the effect 
of neutral winds one can identify the observed cut-off period with the Brunt period 
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corresponding to the height below which no significant absorption is caused. There¬ 
fore, by investi gating the power spectra of short term fluctuations in ionospheric 
echo ampli tude one can in principle, study the variations in the Brunt period and 
hence the temperature of the regions where significant absorption is caused. 

During a total or near total solar eclipse, the ionization at lower altitudes dec¬ 
reases rapidly (Bowling et al., 1967) leading to increase m the height of reflection. 
Also, for a properly chosen probmg frequency, during such periods most of the 
ionospheric absorption will be caused near the level of reflection and therefore, the 
cut-off period of the power spectrum will indicate the Brunt penod and hence the 
temperature at an altitude close to the level of reflection By knowing the apparent 
hei ght of reflection one can infer the changes in temperature that take place at that 
height because of the eclipse. 

Continuous records of amplitudes of vertically reflected first order ionospheric 
echo signals of 2.4MHz pulsed radio waves are taken at Waltair on 15, 16 and 17 
February 1980 to investigate the changes in short term variability of the lower iono¬ 
sphere because of the eclipse. The results of the investigation are presented in the 
following sections. 


Observations and Method of Analysis 

The Solar Eclipse of 16 February 1980 as observed at Waltair had the following 
features: 


a) Beginning of eclipse 1437hr 1ST 

b) Middle of eclipse 1549 ” 

c) End of eclipse 1658 ” 

d) Percentage of sun’s disc obscured 99 


The amplitude of 2.4MHz pulsed radio transmissions received vertically was 
recorded continuously from 1430hr to 1730hr on 15,16 and 17 February 1980. The 
data in the time block 1500-1630hr was chosen for analysis to cover most part of 
the eclipse penod. 

The desired echo was integrated with a time constant of forty seconds Data 
sampled at one minute intervals were then filtered using a numerical filter given by 

+T/2 

A' (t) =» A (*)— L+ J a (t) dt, 

-772 

were J is a particular time period chosen. This has the effect of a high pass filter with 
a lower cut off frequency equal to The cut-off period Twas chosen as 24 minutes 

for the present investigation to eliminate the effect of slowly varying trends 

The filtered data, were analysed to obtain power spectra of the amplitude varia¬ 
tions, following the method suggested by Blackman and Tukey (1958) Power spectral 
estimates were obtained at twenty equal intervals m the frequency range 0 to 0 5 
mm 1 The spectral estimates were normalised to have a total power of hundred 
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units. Assuming the noise to be white, the estimated noise level was The qy*t ra 
were then examined for studying the effect of the eclipse on the short term variability 
of the lower ionosphere. 

In a separate study we found that the enhancements of 1-8A X-ray flux Hnring 
solar flares, in general, do lower the cut-off period, whereas the cut-off period is not 
dependent on magnetic activity. On 17 February 1980, a strong solar flare occurred 
at 1530hr and lasted for 15 minutes. The echo amplitude was found to show 
unusual changes between 1500-1630hr on 17th, perhaps because of the flare. 
Therefore, the results of 17th were not considered for comparison and 15 February 
1980 was taken as the control day. Although there was a magnetic storm during the 
same period on 15th, magnetic activity has little effect on the short term variations 
in ionospheric absorption. 


Results and Discussion 

The power spectra of short term fluctuations in the ionospheric first order echo 
amplitude of 2 4MHz pulsed radiowaves vertically reflected for 15 and 16 February 
1980 during the time block 1500-1630hr are shown in Fig. 1. Two inferences can 
readily be made viz, 

1. There were no unusual periodicities observed on the eclipse day. Hus observa¬ 
tion leads to the conclusion that there was no extra gravity wave activity inducted 
by the solar eclipse. 

2. The cut-off period for the eclipse day is 6 75 minutes as compared to 5.25 minute 
for the control day i e., 15 February 1980. 


*—• 15 FEB 1980 



Fio 1 Power spectrum of amplitude fluctuations between 1500-1630hr. 
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During the period 1500-1630hr, the apparent height of reflection was found to 
rfiangft from 110km to 127 5km on the eclipse day The temperature corresponding 
to a Brunt period of 6.75 minutes is 415 °K. Assuming most of the absorption 
during the eclipse is caused at a level close to the level of reflection and neglecting 
the effect of neutral winds, one can infer that the temperature at an altitude nearly 
equally to 127 5km is 415 °K during the eclipse period The average temperature 
profile gives a temperature of 489 °K at an altitude of 127 5km on a normal day 
(CIRA, 1972), Therefore, it appears that at this station at 127.5km altitude the tempe¬ 
rature of the atmospheric gas is lowered by about 74 °K because of the eclipse. 

The present result is in agreement with earlier rocket borne measurements made 
by Horvath and Theon (1972) at Wallops islands. They have reported a decrease of 
molecular gas temperature from nearly 415 °K to 345 °K at an altitude of 120km 
rinnng the solar eclipse of 7 March 1970. The result of our present investigation, 
however, is to be taken with caution, and only qualitatively, because of several un¬ 
certainties. Mainly, the effect of neutral wmds on the observed cut-off period is 
neglected and the identification of the cut-off period is somewhat subjective. 


Effect on Wave Type Perturbations 

The present investigation clearly shows no detectable gravity wave activity 
induced by the eclipse, as the forms of the power spectra for the eclipse day and the 
control day were highly similar. However, the cut-off period was larger on the eclipse 
day which can be attributed to the changes in the reflection height and the disappear¬ 
ance of the D-region ledge during the eclipse This result is in agreement with the 
earlier investigation by Cornelius and Essex (1978) who did not observe any eclipse 
induced gravity wave activity in the records of Doppler shift of HF transmissions on 
2.5MHz during the eclipse of 23 October 1976. 

In a separate study, we observed that enhancements in solar X-ray flux in the 
spectral range 1-8A during a solar flare m general cause a lowering of the cut-off 
period If one can assume the internal gravity wave spectrum to be a white noise 
spectrum at lower levels, say the lower boundary of the ionosphere, the propagational 
characteristics of the upward flux of the gravity wave energy show that the lower 
periods of higher frequencies are progressively filtered, as the altitude increases 
Therefore, the power spectrum of fluctuations induced by internal gravity waves will 
have progressively increasing values of cut-off periods at higher altitudes Our earlier 
observation of the effect of solar flares on the cut-off period can easily be explained 
on the basis of this model During a solar flare with enhancement in 1-8A X-ray 
flux, the contribution of the lower regions of the ionosphere to the measured total 
absorption increases and the cut-off period of the short term fluctuations m the 
ionospheric echo amplitude decreases Thus the effect of the solar flares on the cut¬ 
off period can be attributed to changes m the altitude levels where most of the 
observed absorption is caused The result of the present investigation shows that 
during the eclipse the cut-off period has a higher value This is in conformity with 
our earlier observation of the effect of the solar flare on the cut-off period because 
the solar eclipse will have an effect opposite to that of a flare Dur ing an eclipse the 
altitudes where most of the absorption is caused will be higher and therefore, the 
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observed cut-off periods must be larger. This ia fact, is what has been observed in 
our present study. 

With regard to our observation in the present investigation that no edipse 
induced gravity wave activity could be detected, we have to state that this could 
perhaps be due to the limitations inherent m the experiment. Our observations are 
made at a single station and therefore any eclipse induced gravity wave activity w ith 
periodicities m the usually present range cannot be distinguished from the usually 
present gravity waves Multi-station observations to separate out pha<« coherent 
perturbations during the eclipse are needed to detect edipse induced gravity wave 
activity. Also, the path of the present eclipse is almost linear and hence, one canno t 
expect the focusing of radio waves at a shorter distance location, where the eclipse 
is nearly 99 per cent. 


Conclusions 

1. No eclipse induced gravity wave activity in the lower ionosphere is detected at 
this station 

2 The higher value of the cut-oif period observed during the eclipse is attributed 
to an increase m the altitude where most of the ionospheric absorption is caused. 
3. The upper atmospheric temperature is roughly estimated to be lowered by about 
74 °K at an altitude of about 127.5km during the eclipse. 
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A1 absorption measurements taken during the total solar eclipse of 16 February 
1980 at a frequency of 2 4MHz are used to obtain the temporal variation of 
N m E at 105km and R m D at 75km The contributions from E- and D-regions to 
the total absorption are also computed and it is found that during the tune of 
near totality, the contributions are approximately equal. The decrease in the total 
absorption from the time of beginning of the eclipse to the time of minimum 
absorption is about 25dB with a tune lag of 9 minutes. A 30 per cent decrease in 
NmE and a 70 per cent decrease m N m D with tune lags'of 9 minutes and 19 
minutes, respectively, are noted in the temporal variations of N m E and N m D 
during the tune of eclipse. The contributions from the uniform solar disc, solar 
corona and active regions distributed over the solar disc to the total absorption 
are 45 per cent, 25 per cent and 20 per cent respectively 

Keywords: A1 Absorption; Uniform Solar Disc; Solar Corona 

Introduction 

As the ionospheric absorption suffered by a radio wave depends on the electron 
density in the path of the wave, the changes in election density reflect in the value of 
absorption. The results of the analysis of A1 absorption measurements taken during 
the total solar eclipse of 16 February 1980 are presented m this communication 
At Waltair (Lat 17 7°N, Long 83 3°E), the eclipse of the sun began at 1437hr 
1ST and ended at 1658hr 1ST Waltair was just off the lower edge of the totality 
path and the magnitude of the eclipse was 98 8 per cent occurred at 1554hr 1ST. 

Data and Analysis 

Continuous measurements of ionospheric absorption at a frequency of 2 4MHz 
were undertaken during February 15 and 17 (control days) and 16 (the eclipse day) 
by the vertical incidence pulse reflection method Absorption was calculated for every 
15 minutes interval on all the three days with a 10 minutes sampling 

As the f 0 E data at Waltair were not available, Ahmedabad lonosonde data for 
foE have been used with proper latitudinal correction These f 0 E values have been 
used to obtain the peak electron density at 105km at the time of the first contact. 
The N m E value, thus obtained at the first contact, has been used to compute the value 
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of the effective recombination coefficient of the E-region following the method 
of Rydbeck (1956). In this calculation, the time lag between the time of maximum 
obscuration and the time of minimum absorption has been used for the time delay 
of N„JE response The electron density at the time of minimum absorption has been 
obtained by using the values of *«ff, N n E at the time of first contact, and the time lag 
mentioned above. The rate of change of electron density at the time of first contact 
has been computed. This value is taken as negative before maTimum obscuration 
positive after the time of totality The NJE value at the first contact and the rate of 
change together give the temporal variation of N m E at the assumed E-region peak 
height of 105km. This profile of temporal variation m N m E is then used to calculate 
the contribution of the E-region to the total absorption, Le, assuming the E-layer 
to be parabolic. The D-region contribution of absorption, Ld, is obtained after 
substracting the value of Le from Lt, the total absorption. Assuming the D-region 
also to be parabolic between 60-90km, the temporal variation of N m D at 75km has 
been calculated using the temporal variation of Ld- 

Results 

The results of the diurnal variation in absorption at 2.4MHz on the eclipse and 
control days are presented in Fig. 1 The dashed curve gives the value of L on the 
day of the eclipse and the continuous curve gives the mean value over the control 


O—o CONTROL DAY 
* ECLIPSE DAY 



Fig 1 Diurnal variation of absorption. L, in dB during control and eclipse day. 


days The smooth continuous curve is a parabolic fit for the control day absorption 
variation Generally, absorption maximum occurs around local noon decreasing 
towards the morning and evening hours The absorption, on the eclipse day, started 
decreasing from the time of first contact to a minimum of lOdB occurring with a time 
lag of 9 minutes from the time of maximum obscuration A decrease of 25dB m 
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absorption during the penod of eclipse can be seen from the figure. Shinnammedov 
and Boltayev (1978) obtained a maximum absorption decrease of about 18dB during 
the 29 April 1976 annular solar eclipse at 2.6MHz Around the time of maximum 
piiasftj for about 15 minutes, the reflection appeared to come from the F2-layer 
(about 300km). The reflection height reached 120km a few minutes after the maximum 
pRaeff. A similar change in reflection height was reported by Shirmammedov and 
Boltayev (1978) at a frequency of 2 6MHz for the 29 April 1976 annular solar eclipse. 

In the present investigation, it is assumed that the time of maximum visual 
obscuration of the solar disc and the time of minimum ionizing radiation fluxes from 
the sunare equal. Fig. 2 shows the temporal variation of N n E at 105km It can be seen 
from this figure that the maximum electron density m the E-region decreases by about 



Fra 2 .(<j) Temporal variation of N m E at 105km during the penod of eclipse 
(b) Temporal variation of A T m D at 75km during the penod of eclipse 


30 per cent when minimum absorption is recorded The value of «etr is obtained as 
1 2 x 10 -8 cm 3 sec -1 On the control day, «eff has been obtained as 1 33 x 10~ 9 cm 3 sec _1 . 
The increase m «tfr during the time of eclipse is in good agreement with the previous 
observations 

The temporal variation curves of Le and Ld, E- and D-region contributions to 
the total absorption, respectively, along with temporal variation curves of total 
absorption on control day and eclipse day are shown m Fig 3 From this figure, it 
can be noted that the E and D-region contributions to the total absorption are nearly 
equal around the time of totality The time lag between the time of maximum phase 
and the time of minimum absorption in the E-region contribution of absorption is 
the same as that in the temporal variation of total absorption, on the eclipse day, 
which is 9 minutes. But, the time lag in the case of D-region contribution of absorption 
is 19 minutes. Tsagakis (1970) obtained a time lag of 23 minutes from the temporal 
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Fio. 3 Temporal variation plots of L E> L D and total absorption during control and eclipse day. 

variation of electron density at 74km from the partial reflection technique, while, 
Bischoff and Taubenheim (1967) found that the contributions of the E- and D-layers 
to the total absorption were nearly equal from AI absorption measurements on 
3.86MHz during 20 May 1966 solar eclipse 

The temporal variation of the D-region contribution of absorption has been 
used to compute the temporal variation of the electron density at 75km assuming 
the D-region to be parabolic between 60km and 90km with peak ionization at 75km 
and this is shown m Fig 2. A decrease of about 70 per cent in the D-region electron 
density can be seen around the maximum phase of the eclipse The time lag of 19 
minimum electron density noted, gives an effective recombination coefficient of 
1 7 x 10~ 4 cm 3 sec -1 at this altitude 

Percentage Contribution from Uniform Solar Disc, Solar Corona and Active 
Regions distributed over Solar Disc 

Fig 4 shows the distribution of the active regions on the solar disc and the 
10 7cm flux distribution across the solar disc on 16 February ’80 The path of the eclipse 
at Waltair is also shown The ratio, tj, of the moon’s apparent diameter to the sun’s 
apparent diameter is taken as 1 02 This parameter has been used in drawing geo¬ 
metrically the progression of the eclipse from the time of first contact to the time of 
maximum phase and regression of the eclipse from the time of maximum phase of the 
eclipse to the time of last contact The results are shown in Fig 5 These figures 
help in knowing the fraction of the disc covered or uncovered at any particular 
time. As 16 February 1980 was a highly active day with R, equal to 163 and with a 
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16 - 02-1980 



Flo 4. Distribution of the active regions on the solar disc and the 10 7cm flux distribution across 
the disc and the eclipse path 


16-02-1980 
TOTAL SOLAR ECLIPSE 



proceeding preceding 


Flo. 5. Moon’s shadow fronts at various tunes during progression and regression of the solai 
eclipse, on solar disc 

10.7cm solar flux of 205.1 flux units, a number of active regions are distributed over 
the solar disc, with a greater density m the central region of the disc. It can be seen 
that the 10.7cm solar flux curve shows peaks corresponding to the active regions. 
Just before the time of maximum phase of the eclipse, all active sources are being 
covered excepting those that might exist outside the NE limb of the sun The coronal 
green line contour from the Sacramento Peak Observatory was not, unfortunately, 
available for the eclipse day At this point, it has been assumed that the radiations are 
coming from the uniform disc only As the magnitude of the eclipse at this station was 
only 98 8 per cent, the active region at the western limb of the disc was uncovered 
at the time of totality and this gives the possible explanation for the observed higl 
electron density in the D-region height (at 75km) 

If the absorption were caused by the solar radiation coming from the uniform 
solar disc, the dLjdt must correspond to dSjdt (where S is the visible fraction o! 
solar disc) with the appropriate time lag between these terms being taken into account 
Larger dLjdt magnitude compared to that of dS/dt should indicate the contribution 
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due to the radiations from the active sources of the solar disc. The rate of 
of absorption as a function of time between the first and last contacts of t te eclipse 
been calculated using Fig. 3 and the dependence of dLjdt on the solar zenith angle 
been removed by taking into account the dLjdt values on control day. Fig. 6 gives 
the final dLjdt as a function of time on the eclipse day. The area enclosed by the 
dLjdt curve before it changes to positive values gives the amount of absorption 
decrease from the time of first contact to the time of miniiniiin value of absorption. 
The area enclosed by the rest of the curve gives the absorption increase from the time 
of minimum absorption to the time of last contact. Fig. 6 also shows that dSjdt multi¬ 
plied by a factor 13.6 such that dLjdt and dSjdt coincide shortly before the m^rimnm 
phase of the eclipse where no active sources are present on the solar disc. Also, the 
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Fig 6. Variation of dLjdt and dSjdt with time 

dSjdt curve is shifted by 9 minutes to take into account the time delay between these 
two curves. It may be seen that dLjdt is always greater than dSjdt (from uniform disc), 
thus, showing that the contribution to the absorption from active regions is signi¬ 
ficant This figure also shows the times of the obscuration of various active regions 
on the solar disc. The starting point gives the time when the active region with the 
number given begins to be completely obscured and the last point gives the time when 
the same active region begins to be completely uncovered The contribution from each 
individual active region is calculated first and later summed to give the total contri¬ 
bution from various active regions distributed over the solar disc The contribution 
from the uniform disc can be calculated from the area covered by the corrected dSjdt 
A greater part of the minimum absorption recorded is attributed to solar corona 
This is done because the minimum absorption recorded at the maximum phase has 
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components from the corona as well as the solar disc. If the eclipse were total and has 
a longer duration, then one is justified in attributing this completely to the corona. 
The percentage contribution to the total absorption from various regions are summed 
up and are given as 

Uniform solar disc . 45 per cent 

Active regions . 30 ” 

Solar corona . 25 ” 

Discussion 

Elwert (1958) has computed residual radiations for different ratios of lunar to solar 
radu for solar eclipses. 

If il—1.02, the residual radiation flux is 17-22 per cent and if i)—-1.06, it is 
10-12 per cent 

In the present investigation, i] is taken as 1.02 from an examination of the eclipse 
configuration and thus the residual radiation obtained is m good agreement with 
Elwert’s results, that the residual radiation is about 20 per cent. It may be pointed 
out at this stage that an assumption has been made that the total obscuration of the 
solar disc corresponds to the total obscuration of ionizing radiations, which is not 
strictly valid. But, still, it is hoped that the analysis gives some insight with regard 
to the contributions to the ionization from various sources m the sun and outside 
Further, the assumption that the minimum part of the absorption corresponds to 
the coronal radiations is also not strictly valid because of relaxation effects and also 
because of the small duration of the eclipse. Still, the observed 25 per cent contribution 
to the ionizing radiation due to solar corona gives an upper limit to the contribution 
for the solar corona. In practice, this percentage might be in the range 15-20 per cent 
Taubenheim and Serafimov (1969), from the brightness distribution studies 
during 20 May 1966 eclipse, derived the contributions to ionizing radiations from the 
various sources as listed below 

Uniform disc 70 per cent 

Corona ..23 ” 

Active sources 7 ” 

The high percentage of contribution from uniform disc in this case may be due 
to the low solar activity when compared to the present situation On 20 May 1966, 
the day of their observation, R z = 57 and 10 7cm solar flux was 112 8 flux units 
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The present communication embodies the results of multi-frequency ionospheric 
absorption during the solar eclipse of 16 February 1980 at Udaipur (Geogr 
latitude, 24°35'N and longitude 73°42'E) Round the clock measurements of 
ionospheric absorption have been made at wave frequencies 2 5, 2 8 and 5 0MHz 
during 13-18 February 1980. The absorption started to fall after sometime with 
the first contact of the eclipse at all the frequencies and reached its minimum 
value after the occurrence of the maximum phase of the eclipse. The delay was 
of about 05-10 minutes. The absorption became normal after about 10 minutes 
of the fourth contact of the eclipse. Simultaneous measurements of relative 
variation of temperature (infrared radiations) at the junction of thermocouple 
have also been made during the eclipse period The nature of the curve is similar 
to that observed absorption during the eclipse period. The time delay m the dip 
in the case of temperature is negligible. No significant change in night time 
absorption on eclipse night was observed The electron density profile during the 
eclipse period has been generated using observed absorption data 

Keywords: Ionospheric Absorption; Solar Eclipse; Lowering of Temperature; 

Electron Density 


Introduction 

The solar eclipse at this latitude was 72 per cent(28 percent solar disc was visible during 
the maximum phase) The first maximum and fourth contacts of the eclipse at this lati¬ 
tude occurred at 1428, 1542 and 1649hr 1ST respectively Measurements of iono¬ 
spheric absorption on frequencies 2 5,2.8 and 5 0MHz were made during the solar 
eclipse of 16 February 1980 and on control days The working frequencies were 
chosen to give reflections from E-region (2 5 and 2 8MHz) and from F-region (5 0 
MHz) The relative cut-off of infrared radiation was estimated by measuring the 
temperature difference at the junction of a thermocouple. On one of the junctions, 
solar rays were focused during the solar eclipse and control day The electron density 
profile for D-region has been generated using the observed absorption data during 
the eclipse period The principal aim of this investigation was to study the structure 
of the lower ionosphere during the eclipse time at this latitude 

Variation of Total and D-Region Absorption 

Diurnal variation of total absorption during solar eclipse day (16 February 1980) 
and control days at 2 5, 2 8 and 5 0MHz are shown in Fig 1. From Fig 1, it is 
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observed that the absorption starts to fall after sometime with the first contact of 
the eclipse at all the frequencies and reaches its minimum value after the time of the 
TuinTimum phase of the solar eclipse. The dip in absorption occurred between 1547 
and 1552hr, 1ST on all the frequencies The minimum absorption is obtained after 
die maximum phase of the solar eclipse The transmitter used for 2.8MHz failed at 
1550hr 1ST. Therefore, observation at this frequency is available only upto 1550hr 
1ST. However, the observation at this frequency covered the maximum phase of the 
solar eclipse. A comparison of eclipse day absorption with normal days shows that 
the absorption decrease is of the order of 14dB, 18dB and 12dB on 2.5, 2.8 and 



Fig. 1. Diurnal variation of total absorption on eclipse and control days at 2.5, 2 8 and 5 OMHz 

5 OMHz respectively near 15501ST. The values of/ 0 E, and /„F2 observed at Ahmeda- 
bad durin g the solar eclipse and control days (Private communication from Dr H 
Chandra) have been used in the present investigation These are used for the purpose 
of separation of absorption in the E- and F-region on eclipse and control days 
The modified Jaeger’s formulae (Vyayvergia & Rai, 1979) have been used for the 
purpose of separation of absorption m the E- and F-regions Other parameters in the 
formulae for separation of E- and F-region absorption have been assumed to be 
constant throughout the period of solar eclipse. The separation of E- and F-region 
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absorption from the total one gives the value of D-region absorption. Fig. 2 shows 
the plot of diurnal variation of D-region absorption on eclipse and control days 
(15 and 17 February 1980) at 2.5, 2 8 and 5.0MHz respectively From Fig. 2, it is 
observed that the nature of variation of D*region absorption at all the frequencies 
on eclipse and control days are the same as observed in Fig. 1. The value of D-region 
absorption is about 19.5dB at 2.5MHz (1547IST), 9.5IB at 2.8MHz (1550IST) and 
5.0dB at 5 0MHz (1552 1ST) The absorption on control days at the same time is 
about 33, 22 and 14dB at 2.5, 2.8 and 5.0MHz respectively. 



Fio 2. Variation of D-region absorption on eclipse and control days at 2 5, 2 8 and 5 0MHz 


The 107cm solar flux on 15 and 16 February 1980 was 206 units, 
whereas on 17 February 1980, it was 183 units A magnetic storm commenced on 15 
February 1980 evening, the jKp-index values reached upto 7. The variation of absorp¬ 
tion due to magnetic storm and day-to-day change in 10 7cm solar flux during these 
days (15,16 and 17 February 1980) is expected to be negligible. 

The ratio of D and E-region absorption has been found to decrease during solar 
eclipse at 2 5 and 2 8MHz (Fig 3). It has been found that the E-region absorption is 
less affected by the eclipse than D-region absorption at 2 5 and 2 8MHz From Figs 
1 & 2, it may be observed that the absorption becomes normal after about 10 minutes 
of the fourth contact of the solar eclipse The minimum of the absorption was after 
the time of the maximum phase of the solar eclipse with 5-10 minutes delay. 
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TIME (1ST) 

-to 3. Variation of the ratio of D- and E-region absorption at 2 5 and 2.8MHz during eclipse 
period 

Frequency Dependence of Ionospheric Absorption on Eclipse day 

The frequency dependence has been studied for D-region. Fig. 4 is the plot of time 
variation of the ratio of D-region absorption for the pairs of frequencies during the 
solar edipse of 16 February 1980 and control days The mean frequency exponent 
(m) obtained for D-region for the period November 1977 to June 1980 is 1.5. A 
dotted horizontal line is plotted m Fig 4, which is the inverse of (3 45/5 65) 1 * and 
(3.15/5.65) 1 * respectively. From Fig. 4, it is observed that the value of frequency 
exponent increases during the period of solar eclipse The value of frequency exponent 
is maximum after the maximum phase of the solar eclipse and reached to its normal 
value after the fourth contact of the solar eclipse. 

Absorption in the Night following the Eclipse 

Measurements of night time ionospheric absorption on eclipse night and other nights 
have been made at 2 5MHz. Fig. 5 shows the nocturnal variation of absorption on 
eclipse night and other nights The night time absorption at this latitude is influenced 
by geomagnetic activity (Acharya, 1981) The magnetic storm had commenced on 
15 February 1980 evening, but the value of J^-index reached its normal value on 
eclipse night (K 9 ~3) Therefore, the night time absorption on eclipse day is expected 
to be unaffected by the magnetic storm A comparison of eclipse night absorption 
with other nights shows that the night time absorption is unaffected by the eclipse 
It may be mentioned here that after the fourth contact of the eclipse, the absorption 
has been found to be of the same order as observed on control days 




TIME hrs (1ST) 


Flo. 4. Time variation of the ratio of D-region absorption for the pair of frequencies [(2 5 and 
5.0MHz) (a) and (18 and 5.0MHz) (6)] during eclipse period. 



Fig 5 Variation of absorption in the night following the eclipse 
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Relative Change in Infrared Radiations (Lowering of Temperature) 

The schematic diagram for the measurement of relative change in temperature 
(infrared radiations) at the junction of a thermocouple is shown m Fig. 6. The rays 
from the sun fall on a convex lens. Then all the rays are focused at the cromel-alumel 
junction connected to a spot galvanometer. The spot galvanometer is calibrated in 
°C. The apparatus is steerable and could be adjusted in such a way, that the sunrays 


WINDOW 



Fig 6. Schematic diagram for the measurement of relative change in temperature (mtrared radia¬ 
tions) at the junction of a thermocouple 


remain focused on the junction. The measurements of relative temperature at the 
junction on control and eclipse day for the period from 1400 to 1710hr 1ST have been 
made at one minute interval The relative change m temperature at the junction of 
the thermocouple on control and eclipse day period is shown m Fig. 7 The relative 
temperature begins to fall with the first contact of the eclipse and reaches to its mini¬ 
mum value at the time of maximum phase of the solar eclipse Again it starts increasing 
and reaches to its normal value at the time of the fourth contact of the solar eclipse 
The minimum value of temperature difference at the junctions at the time of maximum 
phase of the solar eclipse was 61 °C, whereas on a control day the temperature differ¬ 
ence at the same time was 79 °C. The nature of the curve (Fig. 7) is similar to that of 
observed absorption during eclipse period The time delay in maximum phase of the 
eclipse and the minimum value of the relative temperature difference is almost 
negligible 
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Flo. 7. Relative change m temperature during eclipse period. 


Electron Density Profile in the Lower Ionosphere 

The electron density profile may be generated from the observed ionospheric absorp¬ 
tion data by the method of polynomial or modifying any observed electron density 
profile. The modification of an electron density profile may be made by the method 
of trial and error in such a way that the theoretically computed absorption results 
agree with the observed one at the place of interest for the same solar activity and 
seasonal conditions. The polynomial method has been tried, but the results obtained 
were not satisfactory. Therefore, the method of modifying observed electron density 
by trial and error has been adopted in the present investigation. The electron density 



Fig 8 Electron density profile at 1547hr 1ST on eclipse day. 
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and ion-composition measurements in the lower ionosphere have been mada at 
Thumba/SHAR on the day of solar eclipse. We have used one of the electron density 
profiles measured for about 75 per cent solar eclipse by Mechtly and Semo (1969) 
during the November 1966 eclipse in Southern Brazil. 

Using the above said electron density profile and collision frequency profile 
(Piggott & Thrane, 1966) suitable for this latitude, the theoretical computation of 
absorption at frequencies 2.5, 2.8 and 5.0MHz have been made. For this purpose 
generalized theory of Sen and Wyller has been used (Sen & Wyller, 1960). The electron 
density has been modified in such a way that the computed absorption agree with the 
observed one at 1547IST on solar eclipse day. The modified electron density profile 
at 1547IST is shown m Fig. 8 Similar analysis have also been made for control day 
(15 February 1980) for the same time. The electron density at 1547IST on control 
day is also shown m the same figure. The computed and observed absorption on 
eclipse and control day at 1547IST is shown m Table I. A comparison of electron 
density profile on eclipse and control day shows that the electron density on echpse 
day at 1547IST is lower than that on control day at the same time at all the 
heights. 


Table I 

Computed and observed absorptions on eclipse and control day at 1547hr 1ST 


Frequency 

MHz 

Eclipse day 

Control day 

Observed 

absorption 

dB 

Computed 

absorption 

dB 

Observed 

absorption 

dB 

Computed 

absorption 

dB 

25 

195 

19 55 

33 0 

33 24 

28 

140 

1649 

260 

28 03 

50 

55 

6 92 

13 5 

11,76 
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The data on the measurement of absorption by A1 method and change in phase 
height, both at a frequency of 2 2MHz and collected simultaneously on a control 
day and also on an eclipse day, have been represented From an analysis of these 
data, a reduction m the values of absorption by about lOdB and an elevation by 
nearly 2km in phase height have been observed at the time of maximum obscurity. 
Attributing this elevation in phase height to the change m reflection height 
within the range 105-110km, it has been estimated that the contribution of the 
E-layer to the observed change m absorption would be 5dB and the remaining 
5dB change in absorption would occur in the underlying D-region 

Keywords: Phase Height; A1 Absorption Method; Pulse Transmitter; Diurnal 
Variation; Gravity Waves; Electron Density 

Introduction 

Theoretical estimate by Schrader and Hower (1971) has indicated that the height 
distribution of the electron density in the D-region has little effect on the diurnal 
change m phase height at 2 155MHz Moreover, the observed day-time change in 
phase height at a frequency of 2 2MHz is uniquely related to the change m reflection 
height in the E-region (Fraser & Vincent, 1970; and Bhar et al, 1974). Thus, any 
unusual trend of variations in the diurnal curves on the change m phase height can 
be associated with some irregular change in the height distribution of the electron 
density at or near the reflection point m the E-region On the other hand, any such 
fluctuation in the diurnal absorption curve is related to the change m electron density 
profile either of the D- and E-regions or both. Consequently, any change m electron 
distributions, m the D- and E-regions during a solar eclipse, can be investigated if 
data on the change m phase height and also on absorption at the same frequency are 
simultaneously collected. This motivation initiated simultaneous procurement of 
these data at a frequency of 2 2MHz at Haringhata (22°58'N, 88°34'E) on the 
occasion of the solar eclipse of 16 February 1980 These observations are presented 
and discussed in this paper 

Experimental Arrangement 

The equipment used for the experiment consisted of a pulse transmitter delivering 
13kw peak power to a 600ohm folded dipole antenna erected at a height of A/4 
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above ground. The signal, after being reflected vertically from the E-layer was 
received by two 600ohms horizontal aerials. The output from one of the aerials was 
used for measuring absorption by A-method and that from the other one was pro¬ 
cessed for the estimation of the change in phase height by a method described by 
Purkait (1977). 


Results and Discussion 

The results of the simultaneous measurements of change in phase height and absorp¬ 
tion for a control day (the day following the eclipse day) and also for the eclipse day 
are shown in Figs. 1 and 2. Fig. 1 shows that on the control day the absorption at 
different hour exhibits the normal trend. That is, the absorption gradually increases 
from morning hours up to the local noon, passes through a broad maximum near 
the noon period and then gradually decreases towards the late afternoon hours. 
However, on the eclipse day, before the beginning of the eclipse, hourly values of 
absorption show reasonable agreement with the corresponding hourly values for 
the control day. But, with the progress of the eclipse, the absorption exhibits deviation 
from the hourly values for the control day until a maximum deviation of about lOdB 
(» 40 per cent) occurs near the instant of maximum obscurity. Then the departure 
between the diurnal curves on absorption gradually decreases. Fig. 2 shows that 
except during the period of the eclipse, the diurnal curves on the change in phase 
height for both the control and eclipse days agree with each other. The diurnal curves 
retam their usual trend: from early morning up to the local noon the phase height 


<o 



Flo. 1. Diurnal variation of absorption at 2 2MHz for the control day and also for the eclipse day 
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Fig. 2 Hourly variation of the change in phase height for the eclipse day and also for the control day. 

decreases, attains its minimum at about an hour after the local noon, and increases 
rapidly in the afternoon hours. Superimposed on the regular diurnal variations for 
both die days are the short period fluctuations which are produced by the internal 
gravity waves (Vincent, 1969). With the start of the eclipse, the diurnal curve for the 
eclipse day indicates a faster nse in phase height. Near the time of maximum occul- 
tation it is elevated by about 2km with respect to that for the control day. Over 
Hannghata the eclipse became maximum at 1557hr and the corresponding value 
of the solar zenith angle was 65°. For this value of X, the contribution of the deviative 
component of the total absorption was nearly 60 per cent (Purkait, 1977) This result 
indicates that at 1557hr the observed uneclipsed value of 27dB for absorption 
contains a deviative component of 16dB and a non-deviative component of lldB 
The virtual heights of reflection on the control day and also on the eclipse day are 
found to be 108km and 112km respectively It would, therefore, be reasonable to 
assume that the true heights of reflection for both the days are confined within the 
altitude range 105-110km Within this altitude range a change in reflection height by 
2km reduces the deviative component by 30 per cent on the average and at the time 
of eclipse maximum the deviative absorption in the E-layer will be reduced by 5dB. 
Since at this instant the measured reduction in the value of absorption is lOdB, the 
non-deviative component of the absorption will also be reduced by 5dB Since the 
collision frequency profile does not alter from the control day to the eclipse day 
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(Jespersen & Pedersen, 1970), the observed change in deviative and non-deviative 
components arises mainly due to the reduction in the value of electron density in the 
D~ and E-layers. It is thus concluded that at the time of eclipse maximum the electron 
distribution in both the D- and E-regions changes to such an extent that both the 
components of the total absorption at 2.2MHz reduce by the same magnitude. The 
details of the computed changes in electron density distributions in the D- and 
E-layers that will explain the observed variations of absorption and phase height, 
as discussed above, will be published m a separate article. 
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PHASE PATH AND GROUP PATH VARIATIONS DURING THE SOLAR 
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Results of phase and group path measurements of HF echo from the F-region 
of the ionosphere during the total solar eclipse of 16 February 1980, earned out 
at Waltair (Dip 20°) very near the path of totality (percentage of obscuration of 
sun’s disc is 98 8), using pulsed vertical transmission are presented in this paper 
Group path and phase path showed unusual variations. Around the tune of 
maximum obscuration, electron density changes effect to a greater extent the 
phase path and group path lengths and at other tunes vertical layer movements 
seem to be predominant. Phase reversal occurred about 8mm after the tune of 
maximum obscuration. Group path reversal occurred 30mm after the phase path 
reversal. The absence of post-sunset equatorial spread-F on solar eclipse day is 
discussed m relation to vertical drifts in the F-region during sunset times and the 
post-sunset vertical drift reversal 

Keywords: HF-Echo; Pulsed Vertical Transmission; Electron Density; Equatorial 
Spread-F 


Introduction 

A change in the electron content of the ionosphere usually brings about a change in 
the phase path of the lonospherically reflected signals because of one or both of the 
following reasons: 

(i) a change of the height of reflection; or 

(u) a change of the refractive index along the path below the level of reflection 
(Davies, 1965) 

Changes m group height and phase height are equal m magnitude and sense when 
a change in the reflection height takes place, when significant electron density changes 
occur below the level of reflection, the refractive index of the medium through which 
the wave passes changes and this effect acts in opposite senses for the group and 
phase paths. A reduction in the refractive index increases the group path but decreases 
the phase path and vice versa 

Almeida and da Rosa (1970) mentioned that the rate of change of columnar 
electron content, especially during an eclipse time, can be determined with great 


* Presently at University of Sulaimamyah, Sulaimamyah, Iraq 
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accuracy from the phase path length experiment. Butcher (1973), Lerfald et ah (1970) 
and others have used phase path and group path measurements primarily to detect 
eclipse generated gravity waves. 

The aim of the present study is to see how phase path and group path of vertically 
reflected HF radio waves vary during a total solar eclipse. 

Results 

Phase path and group path measurements of the HF-echo from the F-region of the 
ionosphere during the total solar eclipse of 16 February 1980 were carried out at 
Waltair (Dip 20°) using 5.6MHz fixed frequency pulsed vertical transmissions. The 
maximum obscuration of the solar disc at Waltair is 98.8 per cent. Changes in phase 
height recorded photographically, may be measured extremely accurately by the phase 
path technique, the details of which were discussed by Raghava Reddy (1969) and 
others. 


Phase Path and Group Path Variations 

Group height (virtual height) measurements were made and the data for 15, 16 
and 17 February 1980 is shown m Fig. 1. The regular feature at Waltair is that group 
height starts increasing slowly from around 1300hr LT and the increase is rapid during 

•— 1S-2-19S0 

•-• 15-2* 19 SO 

»—i 17-2- 19t0 



LOCAL TIME 

Fiq 1. Variation of group height (virtual height) with local time, at Waltair (/•= 5 6'VlHz) 
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sunset tunes. A post-sunset reversal from increase to decrease occurs around 1900hr 
LT. On the eclipse day group height increased more rapidly after first contact (1437hr 
LT) and even more rapidly after the time of maximum obscuration of the sun (1553hr 
LT). Group height reversal occurred about 38min after the tune of maximum 
obscuration. The decrease in group height was very rapid and after the fourth contact 
(1658hr LT) it was more or less constant showing a slight decrease upto about 1930hr 
LT, the time at which the normal day group height reaches a maximum. 

Phase path change of the ordinary ray for the period between 1300hr and 1800hr 
on 16 and 15 February 1980 is shown in Fig 2. On solar eclipse day phase path in- 



1300 1400 1900 1600 1700 1600 

LOCAL TIME 

Flo 2 Variation of change of phase path (in cycles) with local time on 16 2.1980 ( OI,0, ) and on 
15 2 1980 (-) and variation of group height with local time (°_°) 
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creased first slowly and then rapidly after the first contact Phase reversal on ordinary 
ray occurred 8mm after the time of maximum obscuration. Phase path 
rapidly till the last contact after which it started increasing again as on a nor mal 
day. Phase path plot from the beginning of the eclipse, right through the ni ght for 
about ten hours, shows a long period, large amplitude damped oscillatory behaviour, 
the detailed discussion of which is to be given in a subsequent publication. 

Discussion 

The deviation of phase path length around maximum obscuration from normal day 
value was about 3000 cycles (rate of change of phase path being about 80m/sec) and 
such large deviations were reported earlier (Butcher, 1973). Such a large rftatig* could 
primarily be due to a large vertical motion of F-layers during eclipse conditions. It 
is felt (Thomas & Robbins, 1956; and Evans, 1965) that important change* of tern* 
perature, occur m the F2 layer during an eclipse which might cause movements and 
these movements during eclipse are seen to be noticeably larger than those present on 
normal days Ionisation changes solely could not have brought about such a large 
variation in phase path length (Knshnamurthy et al., 1976). After the maximum obscu¬ 
ration there is a 30mm delay between the phase reversal and group height reversal. 
Electron densities in the D- and E-regions lowered due to sun’s obscuration increase to 
their normal evening values, more or less, after the time of maximum obscuration. 
The refractive index of the medium below the reflection height consequently starts 
decreasing, thereby increasing the group path length and decreasing the phase path 
length of radio waves reflected from the F-region This shows that the effect of electron 
density changes on phase path and group path variations is significant during this 
penod of the eclipse when phase path starts decreasing and group path length conti¬ 
nues to increase for about 30min. Curves of rate of change of phase path (dpjdt) 
and rate of change of group path (dh/dt) during eclipse condition show that the rates 
were in opposite senses more or less and after the last contact they have the same 
sense of variation (Fig. 3). 

Occurrence of Equatorial Spread-F in relation to Post-Sunset F-Region Fertical Drifts 
The occurrence of post-sunset equatorial spread-F at Waltair during the months 
of February-March is common. Spread-F occurred on all the days from 11 to 20 
February 1980 except on 16th, the solar eclipse day Vertical drifts from phase path 
data were computed on all these days in the evening time. Data for 15, 16 and 17 
February 1980 are shown in Fig. 4 Vertical drifts on 15 and 17 can be seen to be very 
large before the onset of spread-F (onset shown by an arrow), in agreement with our 
earlier reports on such a study (Snrama Rao et al, 1978, and Ernest Raj et al., 1980) 
But on 16 February vertical drifts during the same period of observation were noticed 
to be very low An interesting point of note is that on 16 February, the post-sunset 
vertical drift reversal from upward to downward occurred much earlier than that 
observed on the control days In fact, this reversal seems to be occurring earlier than 
what would be observed even on a no-spread-F day An unfortunate circumstance 
was that the eclipse occurred on a magnetically disturbed day and it is known that 
magnetic activity and occurrence of spread-F are negatively correlated at low lati- 
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Fig. 3. Rate of change of group path (-) and rate of change phase path (-) on 

16 February 1980, total solar eclipse day 


tudes (Shimazaki, 1959; Lyon et al, 1961; and Rao & Rao, 1961). However, recent 
experimental observations reported by Subrahmanyam (1980) show that equatorial 
spread-F does occur during different phases of a magnetic storm The magnetic storm 
on 14, 15 and 16 February might have inhibited vertical motions in the F-region on 
16th and hence, low values were possibly observed on that day However, this only 
points out that F-region vertical drifts in the sunset times play an important role in 
the occurrence and sustenance of post-sunset equatorial spread-F. 
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A HF doppler sounder and a C4 lonosonde were operated simultaneously at 
Trivandrum (8°33’N, 76°57E) during the total solar eclipse of 16 February 1980 
and on a control day to study ionospheric disturbances generated by the eclipse 
The gross electron density changes seen in the form of a rapid rise and fall of 
contours of constant electron density at various heights show how the ionosphere 
responds to the eclipse. The height dependence of the response time is shown 
clearly by plotting the time variation of a thickness parameter for adjacent 
electron density contours at four different height levels The doppler observations 
reveal a complex ionospheric disturbance reflecting the effects due to both large 
scale dectron density decay and build-up, and short scale wave perturbations 
The disturbance was observed on four closely spaced antennas and the correla¬ 
tions among them were found to be excellent A spectral analysis of the disturbance 
shows, besides the long period component associated with the gross dectron 
density changes, short period components of 21 and 32 minutes which are most 
likely a manifestation of the atmospheric gravity waves excited by the eclipse 

Keywords: HF Doppler Sounder; lonosonde; Electron Density; Gravity Waves 

Introduction 

There are two basic aspects to the ionospheric changes produced during a solar eclipse. 
First, there will be gross changes in electron densities and consequent redistribution 
throughout the ionosphere due to sudden switching off of ionizing radiation in the 
eclipsed region The second aspect is concerned with the dynamical effects connected 
with the atmospheric wave motions that are likely to be excited by the localized cooling 
action associated with solar eclipse (Chimonas & Hmes, 1970) The observed iono¬ 
spheric disturbances during an eclipse represent the composite phenomenon of the 
above two effects 

There has been a considerable amount of data collected during the earlier eclipses 
to speak on the large scale electron density changes m the ionosphere The electron 
densities m the D-and E-regions of the ionosphere have been found to decrease rapidly 
with the onset of the eclipse (e g, Kane, 1966, and Belrose & Ross, 1972) This was 
to be expected m view of the fast recombination process m the lower ionosphere coup¬ 
led nearly with the extinction of photoionization The changes that occur m the 
F-region, however, are not as consistent or predictable as m the lower ionosphere since 



IONOSPHERIC DISTURBANCES DURING THE TOTAL SOLAR ECLIPSE 


407 


in this region a highly variable and complex transport process plays the dnmmant 
role. Reflecting the above uncertainty, it has been reported that in the F-region either 
an enhancement or a reduction in electron density may occur H«rin g a g»i a r e^inge 
(Ratcliffe & Weeks, 1960; and Evans 1965a, b). 

There have been relatively fewer observations on the wave perturbation aspect 
of the eclipse generated ionospheric disturbance. Except for very few cases such as 
have been reported by Davis and DaRosa (1970) and Vaidyanathan et al. (1978), 
the observations collected to date have been largely inconclusive on the question of 
atmospheric wave generation by a solar eclipse. 

The total solar eclipse of 16 February 1980 offered yet another opportunity to 
observe the eclipse generated ionospheric disturbance from the e f both, 

electron density distribution changes and atmospheric wave excitation. To observe 
on both aspects of the disturbance, a C4 type lonosonde and a HF doppler sounder 
were operated simultaneously at Trivandrum (8°33'N, 76°57'E) on the eclipse day and 
a control day following the event. A brief account of the experiments conducted and 
the results obtained is given m the following sections. 


Experimental Details 


The experimental set-up consists of two ionospheric sounders, a C4 ionosonde and a 
HF doppler system. Ionograms were recorded using the ionosonde, on the ftdipa>- day 
at 5min intervals up to 1642hr I.S.T. and also on 21 February 1980 at 15min intervals 
to serve as control day data. The ionograms were reduced to electron density-true 
height profiles using the Budden matrix method. 

The block diagram of the HF doppler systems is shown m Fig. 1. The system 
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comprises of a 'wideband pulse transmitter, a phase coherent receiver and a frequency 
synthesizer The pulsed HF, the Keyer pulse to the transmitter and the local oscillator 
frequencies for the receiver were all generated synchronously in the frequency synthe¬ 
sizer. In addition, the synthesizer supplied to the sample and hold circuit in the 
receiver a gate pulse of 10ps of adjustable delay with respect to the transmitter pulse 
in steps of 10/as. The frequency synthesizer consisted of a 10MHz crystal oscillator 
as master dock, having a stability better than one part in 10 s . The various local 
nanllntnr frequencies and the timing pulses required for the system were derived from 
this master clock through digital division and analog mixing. 

The transmitter is a conventional master oscillator power amplifier system 
with associated power supplies. The input to the transmitter is a HF pulse of 5V peak 
to peak, 100/as width and 50Hz PRF. The pulsed HFis amplified successivdy by a 
pre-amplifier, a low power amplifier, and a final high power push-pull amplifier feed¬ 
ing it s output to the transmitting antenna. All amplifiers are keyed to the transmitter 
pulse, and operate only during the pulse duration. The transmitting antenna was a 
three element folded dipole at a height of A/4 from the ground. The balanced RF 
output of the transmitter is fed to the antenna by an open parallel wire feeder of 
600impedance. 

The signal reflected from the ionosphere is received by a half-wave dipole. A 1:1 
balun converts the balanced output of the antenna to unbalanced input to the pre¬ 
amplifier of 2SdB gain. The signal from the preamplifier is fed to the phase coherent 
receiver shown in the dotted section of the block diagram First, it is converted down 
to 500kHz m a balanced mixer and then amplified in an IF amplifier having a bandwidth 
of 20kHz. The IF signal is phase compared against two 500kHz phase quadrature 
signals from a frequency divider in two separate phase detectors. The outputs of the two 
phase detectors are separately amplified and band limited before sampling and holding 
the echo amplitude The two quadrature channel outputs X and Y can be identified 
as A cos ^ and A sin 4>, A being the instantaneous amplitude and 4> the instanta¬ 
neous earner phase of the received signal By recording the two receiver outputs, 
A and 4 can be computed as function of time. 

The observations on the eclipse event reported here were collected using a spaced 
receiver set-up with antenna configuration as shown in Fig 2 The signals received 
by four identical phase coherent receivers of the type desenbed above were recorded 
on four identical strip chart recorders running at a speed of 10cm per minute 

Doppler data were recorded at an operating frequency of 5 0MHz on the eclipse 
day and on 19 February 1980 from 1300hr to 1900hr 1ST. The quadrature channel 
outputs enable in principle the measurement of the carrier phase and its time varia¬ 
tions to an accuracy of about 5°. They very fast quasi-smusoidal oscillations (15 to 60 
cycles per min) recorded on strip chart precluded the possibility of reading the data 
at close intervals For the present purpose of measuring the doppler frequency shift, 
the number of cycles of carrier phase change per minute was considered to be adequate. 
For each of the quadrature channels the number of both positive and negative peaks 
of the quasismusoidal variations were counted for each interval of 1 min and these 
four values have been averaged to obtain the doppler. The sense of the doppler was 
inferred from the relationship between the two quadrature channels and further 
confirmed by checking it against the measured group path variations 
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Fig 2 Antenna configuration. 

Fig. 3 shows sample records of the two quadrature channels for the eclipse day 
and a control day. The samples illustrate quite clearly the eclipse effects on the doppler 
of the received signal 

As happened on some of the earlier eclipses, a magnetic storm which started a 
day earlier was passing through its mam and recovery phases on the eclipse day By 
the time of the eclipse, however, the magnetic field was found to recover to almost the 
quiet day level In view of this recovery, it is believed that the magnetic storm has not 
affected the ionospheric disturbance observed during the eclipse period to any 
significant extent 


Results and Discussion 


Electron Density Variations 

Ionograms recorded at Trivandrum on the day of the eclipse have been reduced 
to electron density—true height (N-h) profiles Fig 4 shows the constant electron 
density—height contours obtained from the N-h profiles The times of first contact, 
maximum phase and last contact are indicated in the figure by arrow marks Starting 



410 


N BALAN et al 



Fio 3 Sample records of the quadrature channels 

from the time of first contact, the electron density contours show an increase in height, 
the increase being very rapid at lower levels of electron density This can be mainl y 
attributed to the role of production-recombination processes The contours corres¬ 
ponding to electron densities upto 2 0 X 10* 1 el/m 3 reach peak altitudes at times close 
to the time of maximum phase, while the contours from 3 1 X 10" el/m 3 to 6 0 x 10 u 
el/m 3 reach the peak with a very significant delay The contours of still higher electron 
densities continue to increase in height even well after the time of maximum phase 
(r J The delay in the occurrence of the peak with respect to t m depends mainly 
on the chemical loss rate This rate being slow at higher altitudes,"the delay is more 
This, of course, is a very simple picture because transport effects have to be taken 
into account at the heights under consideration An important feature evident in Fig 4 
is the changing width between any two contours with time, especially for the ones of 
lower electron density values This aspect is more clear in Fig 2 where the thickness 
(T) of the region between two fixed levels of electron density is plotted against time 
In Fig 5, the thickness is shown for electron density levels corresponding to 2 0 to 
3 1 X 10" m -3 (7 t ), 3 1 to 44 X 10" m~ 3 (7 2 ), 44 to 6 0 X 10" m~ 3 (7 S ) and60 
to 8 0 x 10" m" 3 )(T 4 ) 

The thickness parameter (7) decreases till about the time of maximum phase 
as expected from faster response of the ionosphere at lower heights to the declining 
production rate Around the time of maximum phase, 7 X starts rapidly increasing, 
attaining peak value at 16I0hr following by rapid decrease The rapid increase in 
7, started 10 minutes later with respect to that in T v with a similar delay also in the 
occurrence of peak The start of the increase in 7, and 7, occurred much later, with 
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a delay of about 30 minutes with respect to that in T v 

From the above it is dear that the increase in the thickness parameter following 
the maximum phase is due to a faster build-up of ionization at lower levels. The sub¬ 
sequent decrease in the thickness parameter noted for T x and 7s cannot be explained on 
the h flgjg of any single dominant process and must be the result of all the three pro¬ 
cesses namely, production, recombination and transport In contrast to its behaviour 
during the eclipse, the thickness parameters T 1 to T t stay more or less the same on the 
control day during the same interval as shown in Fig 5. 

Doppler Variations 

The Doppler frequency data processed as described under ‘Experimental Details’ is 
shown in Fig. 6 for the central aerial. The doppler frequency starts decreasing in about 



30min from the time of first contact and reaches a negative peak about 20min before 
the time of maximum phase, remaining at the same level till t m This is due to an 
upward movement of the ionospheric layer itself and/or a decay of ionization below 
the reflection level Just after t m , the doppler shows a rapid increase attaining a positive 
peak between 1610—1630hr This means a downward movement of the ionospheric layer 
and/or a build-up of ionization below the reflection level After 1630hr the doppler 
shows a rapid decrease again. These features are consistent with those shown by the 
constant electron density contours (Fig 4) and the thickness parameter (Fig 5) 
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This large amplitude oscillation of doppler with a duration of about lOOmin is the 
result of mainly production-recombination processes. The doppler on the control 
day (21 February 1980) remains more or less the same (Fig. 6) for the period corres¬ 
ponding to the eclipse duration, m staking contrast to its behaviour during the eclipse. 

The doppler data at the other three aerials showed identical features to the central 
aerial as far as the large oscillation during the eclipse is concerned. This is further 
confirmed by obtaining correlograms for different aerial pairs. The correlogram, 
between central and E 2 aerials is shown in Fig 7. The maximum positive correlation 



coefficient is 0 97 occurring at zero time lag The correlogram is dominated by the 
100mm oscillation. Correlograms corresponding to other aerial pairs showed similar 
features. 

In the doppler data shown in Fig. 6 for the eclipse day, it can be seen that shorter 
period components are present superposed on the larger oscillation of 100mm period. 
These short period components could be largely due to layer movements In order to 
find out the spectra composition of these shorter period components, the doppler 
data from 1440-1647hr 1ST (giving 128 samples) is subjected to FFT analysis for 
both the eclipse and control days 

Fig 8 shows the amplitude spectrum for the aerials E s , N and C for the eclipse 
and control days The spectra on the eclipse day at the three aerials are quite similar 
to each other and are dominated by components with periods of 64min, 32min and 
21 3mm. The larger period component 64min is the result of the large oscillation seen 
prominently in the doppler data (Fig 6) and in the correlogram (Fig 7) which is 
attributed to the production-recombination processes The difference in the period 
of this oscillation observed m the correlogram and in the spectra is due to lack of suffi¬ 
cient resolution at longer periods m the spectra The other two components 32mm 
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Fig 8 Amplitude spectrum for the eclipse and control days. 


and 21 3min are certainly due to eclipse induced dynamic effects. It may be noticed 
that control day spectra do not show such prominent components as on the eclipse 
day 

During the past few solar eclipse events, many groups have attempted to detect 
ionospheric wave motions associated with an eclipse Some evidence has been pre¬ 
sented for wave motions with periods ranging from 10 minutes to 30 minutes from 
observations conducted close to the path of eclipse (Davies & Da Rosa, 1970, Bertm 
et al, 1917; Vaidyanathan et ah, 1978, and Butcher et al , 1979) In many cases, the 
observed perturbations could not be identified with the eclipse with cert ai nty because 
magnetically disturbed conditions prevailed at the time of the eclipse (Carlson et al, 
1970, and Lerfald et al, 1972). From the observations of the total solar eclipse of 
7 May 1970, Davis and Da Rosa, however, could identify a 20 minute period pertur¬ 
bation seen m the total electron content of ATS I and ATS III without any ambiguity 
with the eclipse event. This observation was shown to be m qualitative agreement with 
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the theory of Chimonas and Hines (1970) by computing the wave-form of pressure 
perturbation for the same field point as that corresponds to the observation. The 
diversity observed in the wave periods close to the source region has been explained 
recently by Butcher et al (1978) by means of a simple empirical model in which 
the wake of the eclipse is supposed to be recovered by collapse of the atmosphere 
horizontally inwards from the sides On the basis of simple model, they have com¬ 
puted wave penods for various modes of excitation. The wave periods of 21 and 32 
minutes observed m this investigation agree quite well with the simple model of 
Butcher et al (1978) for mode n — 2. Thus the wave perturbations observed m the 
doppler seem to support the view that a solar eclipse can excite wave motions in the 
atmosphere which manifest as detectable ionospheric wave perturbations. 
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Electron Content 

IONOSPHERIC ELECTRON CONTENT VARIATION OBSERVED AT DELHI, 
DURING TOTAL SOLAR ECLIPSE OF 16 FEBRUARY 1980 

Lakha Singh, T. R. Tyagi, P. N. Vuayakumar and Y V. Somayajulu 
Radio Science Division, National Physical Laboratory, New Delhi-110 012, India 

(Received 17 August 1981) 

This paper reports the variation of electron content of the ionosphere as observed 
over Delhi during the total solar eclipse of 16 February 1980, maximum decrease 
in electron content observed was 9 per cent. Apparently no HD's seem to have 
been gener ated by the eclipse. No scintillation activity was observed on the 
eclipse day as well as on the preceding and following days 

Keywords: Ionospheric Electron Content; Eclipse; Travelling Ionospheric 
Disturbances 


Introduction 

Chimonas (1970) and Chimonas and Hines (1970) have suggested that the localized 
cooling due to the supersonic motion of the moon’s shadow across the earth’s atmos¬ 
phere may produce gravity waves in the ionosphere. Many attempts made in the past 
for the confirmation or otherwise of this theory have been inconclusive. Schodel 
et al. (1973) reported null results both in ionospheric and microbarographic obser¬ 
vations. Bertin et al. (1977) observed a wave of 18 minute period but drew no con¬ 
clusion regarding its source Vaidyanathan et al. (1978) reported quasi-penodic 
fluctuations both m modulation phase delay and Faraday rotation angle recorded 
from ATS-6 observations at Trivandrum during the partial solar eclipse of 29 April 
1976 

The total solar eclipse of 16 February 1980 whose path of totality cut across the 
Southern Peninsula of the Indian sub-continent gave the opportunity to us to study the 
behaviour of the electron content during a solar echpse The electron content of the 
ionosphere is being momtored at Delhi on a continuous basis as a long term 
programme This paper reports the variation of ionospheric electron content (IEQ 
as observed during the eclipse 

Data and Method of Analysis 

The 136MHz transmission from the geostationary satellite ETS-II were momtored 
using a Satellite Radio Receiving System (Garg et al, 1977) The basic parameters 
monitored are (i) the amplitude and (u) the Faraday rotation angle of the satellite 
radio signals The amplitude is used to study the ionospheric scintillation and Faraday 
rotation angle can be converted to electron content (Garg et al, 1977, and Tyagi 
et al, 1977) 
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ETS-II satellite was stationed at 130°E longitude The sub-ionosphenc point 
corresponding to a height of 420km for Delhi comes out to be (26.06°N, 84.47°E). 
This was at a horizontal distance of 750km from the path of totality (Fig. 1). The 
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Fig. 1. Geographical location of the sub-ionosphenc point for Ddhi and the path of totality* 

maximum obscuration at the sub-ionospheric point was 78 per cent Other relevant 
details concerning the eclipse are given in Table I. 

Table I 


Local circumstances of the total solar eclipse of 16 February 1980 at the sub-ionospheric point 


Time (1ST) of 

Maximum 

Last 

Magnitude of 

1st contact 

phase 

contact 

Max phase 

1442hr 

1555hr 

1657hr 

78% 


Fig 2 shows the variation of electron content, as observed over Delhi for the 
period 1400hr to 1800hr It may be seen that following the first contact, the electron 
content starts decreasing and maximum decrease m electron content occurs about 11 
minutes after the maximum obscuration at the sub-ionosphenc point The electron 
content then starts to recover and, m fact, attains a higher value than that at the 
start of the eclipse This is because of the secondary evening maxima which are 
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usual during this part of the season. It may be noted that maximum chang e in EEC 
observed over Delhi is 9 per cent. 

In an attempt to see if any eclipse generated travelling ionospheric disturbances 
(TID) could be identified, the data were detrended from diurnal variation using a did- 
tal filter Apparently, no TID’s seem to have been generated. Any firm conclusion 

can be drawn only when we analyse data from a number of stations. Such an analysis 
IS m progress. y 

followmgLays “ SCmtUIatl0n ° n ** ^ as wel1 as on the preceding and 
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TOTAL ELECTRON CONTENT STUDIES DURING 16 FEBRUARY 1980 
SOLAR ECLIPSE BY DIFFERENTIAL DOPPLER METHOD 
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and 
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(Received 17 August 1981) 

la titud inal profiles of the total electron content (TEC) were obtained during the 
total solar eclipse event of 16 February 1980, through the Differential Doppler 
method using US-NNS satellites. The experiment was conducted at the Nizamia 
Observatory, Rangapur, near Hyderabad (17 4°N, 78.6°E) in the totality zone. 

The latitudinal profiles of TEC covered right through the dip equator to the 
peak of the Appleton anomaly region. Comparison of the profiles on eclipse day 
with the nearest profiles on a control day (17 February 1981) show a decrease in 
TEC following the onset of the eclipse Unique fluctuations were seen in records 
at times of scintillations and the extent of the belt of irregularities could also be 
estimated On the eclipse night no irregularity patch could be observed 

Keywords: Total Electron Content; Differential Doppler Method; Appleton 
Anomaly 


Introduction 

There are several methods for studying the total electron content (integrated columnar 
electron content per unit cross section) using satellite radio beacons. These are through 
the measurements of (1) Faraday rotation, (2) Group delay and (3) Differential 
doppler In the present study, TEC measurements have been made using Differential 
Doppler method during and after the total solar eclipse of 16 February 1980 A 
Georeceiver, commonly used for geodetic applications was employed for these mea¬ 
surements m a collaborative study between the Space Applications Centre, 
Ahmedabad and the Physical Research Laboratory, Ahmedabad The experiment 
was conducted at the Nizamia Observatory, Rangapur, near Hyderabad, m the 
totality zone 


Experimental Details 

The experimental details have been described m a separate report (Deshpande et al, 
1980) The system essentially consists of two phase lock receivers at 400MHz and 
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150MHz, a digital section and a digital cassette recorder. Simple vertical dipole 
antenna are used with preamplifiers to receive signals The signals at 149.988MHz 
and 399.968MHz transmitted by US Navy Navigational satellites are received and 
suitably combined to give beat frequency which is known as differential doppler and 
is recorded on a paper chart. In addition, accurate time signal from the satellites once 
every two minutes is recorded on chart. The data are further analysed to obtain 
TEC values as described in the theory section. Digital information broadcast by the 
satellites are also recorded on cassette tapes which are later used to compute the sub- 
satellite points. 


Theory 


The transit tune of a signal of frequency/Hz from a satellite to a ground observer is: 

S 5 

t - | n g ds + | N.ds .. (1) 

o o 


where V„ is the group velocity, c is the speed of light, n, is the group refractive index 
and s is the slant range to the satellite and ds is an element of distance along the 
signal’s path. The first term in equation (1) represents the transit time in free space 
whereas the second term represents the excess time delay due to the intervening 
ionization 

If x m is the zenith angle at h maa F a then the second term can be expressed as: 

P „ _J£"L Sec X n .I (2) 

where I = J N d/,. 


Differentiating equation (2) with respect to time and dividing by the free space 
wavelength (A) we have' 

-Af-_ J°i[Secx. / + / d Jt (Secx„)] (3) 

which is the ionospheric refraction frequency f r and is experimentally known value 
Eq (7) can be written in the form 


■ ( 4 ) 


/ +/i (0 / *= / 2 (0 
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where/i (f) --Jp (SecX m ) 

, (t ) _ £L. - /r <*> - 

J* Vi - 40.3 Sec X OT 

Thus the problem of determining TEC is reduced to solving the first order linear 
di fferenti al equation (4) for 7(f) where the functions fft) and/ a (f) are known functions 
of time. For this we need one boundary, namely the value of 7 at any time t which is 
also unknown. 

We have used TEC values denved from Faraday rotation measurements at 
136MHz which were made during the penod of observations to solve this boundary 
value problem. If A 7*0 is the group path at a time f 0 measured by the differential 
Doppler technique and 7 0 the TEC measured by the Faraday rotation technique then: 

A P, ° — jig— Sec X m .7o (5) 

If A P is the group path at any instant (t), near to, then we have: 

AP- AF„ + A | 

- APo + A \fr(t)dt ... (6) 


Results 

(a) Latitudinal Profiles of Total Electron Content ( TEC) 

Differential Doppler measurements were carried out at Rangapur during 15-18 
February 1980 using radio beacons (150 and 400MHz)from US-NNS satellites. Using 
these measurements a number of latitudinal profiles of TEC were obtained and are 
shown in Fig 1 Only that portion of each pass is utilized where the elevation is more 
than 20°. The latitudinal coverage is about 11°N to 23°N which includes the Appleton 
anomaly region Profiles designated by 1, 2, 4, 5, 6, 10 and 13 correspond to the 
post-midnight or early morning hours These profiles show absence of latitudinal 
gradients and the TEC value vanes from 20 to 60 TEC units (1 TEC unit—10 16 el/m 2 
column) 

Rest of the profiles shown in Fig. 1 correspond to daytime hours and show 
equatonal anomaly at differential local times. The daytime values of TEC range from 
80 to 130 TEC units 

On total solar eclipse day (16 February 1980) we could obtain six good profiles 
(4 to 9), out of which profile 3 is prior to eclipse onset and profile 9 is during the 
recovery phase of the eclipse Both these profiles have been compared with the profiles 
obtained on 17 February 1980, around the nearest possible hours. This comparison 
is shown in Fig 2. A TECs prior to eclipse have been calculated from profiles 8 and 
11, whereas ATECs during eclipse have been calculated from profiles 9 and 12 The 
local time differences at sub-ionospheric points for the first set (8 and 11) is about one 
hour and ATEC values vary between 1 and 22 TEC units. (Table I) For the second 
set (9 and 12) though the local time difference is only 20 minutes, the ATEC values 
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Flo 1. Latitudinal variation of TEC for satellite passes during the penod 15-18 February 1980 

are comparatively larger ranging between 5 and 32 TEC units In both the cases 
ATEC increases with latitude. The higher values of ATECs from the second set 
(during eclipse) suggest a reduction in TEC due to solar eclipse The development 
of the equatorial anomaly seems to be normal even on the echpse day. 
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Fro 2 Latitudinal variation of ATEC (difference between TEC 17 and 16 February 1980) from 
closest available passes (1) prior to the eclipse and (2) during the eclipse. 


Table 1 

TEC and £\TEC values (I0 U el [m* column) 


Lat 


Prior to Eclipse 



During Eclipse 

16 Feb. 

17 Feb. 

atec 

16 Feb. 

17 Feb. 

atec 

12 

100 

101 

1 

77 

82 

5 

14 

108 

110 

2 

85 

91 

6 

16 

115 

122 

7 

98 

109 

11 

18 

118 

133 

15 

111 

126 

15 

20 

112 

132 

20 

110 

133 

23 

22 

101 

123 

22 

98 

130 

32 


(b) Irregularity Belts 

During the differential doppler measurements, simultaneous amplitude measure¬ 
ments at 136MHz from ETS-2 were also carried out at the same location (Rangapur) 
Whenever amplitude of 136MHz showed violent fluctuation, the differential doppler 
too showed very unique fluctuations as shown in Fig 3. 

These fluctuations are due to the presence of irregularities in the ionosphere 
Since US-NNS satellites are orbiting, these measurements provide the extent of the 
belt of irregularities in the ionosphere Thus the differential doppler technique could 
be used to estimate the presence and extent of ionization irregularities m the iono¬ 
sphere We examined the records of 15,16 and 17 February 1980 for this purpose 
and noted that (a) on 15th there were two patches of irregularities, ( b ) on 17th 
there was one patch of irregularity; and (c) on eclipse night l e, 16 there were 
no irregularities present Although these results confirm the results reported by 
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Deshpande et al. (1980) for the same eclipse by another technique, namel y the 
polarization scintillation, the present technique provides an excellent ool to ^matw 
the latitudinal extent of the irregularities. Results further em phagira that the 
irregularities which could affect severely the propagation of VHF waves, nnnfina 
themselves over the latitudes from equator to about 25°North and radio beacons 
from orbiting satellites could be used to study their extent 

Discussions 

Investigations of the eclipse effects on TEC at Ahmedabad, Rajkot, Poona and 
Rangapur during the total solar eclipse of 16 February 1980 were also made using the 
Faraday rotation measurements at 136MHz using geostationary satellite ETS-2. 
Reduction of about (10 per cent) m TEC was noted at latitudes from Rangapur to 
Ahmedabad (Chandra et al ., 1980) The reduction inferred here comes out to be about 
4 to 10 TEC units which again corresponds to about 3-8 per cent Hence, these 
measurements are in close agreement with the TEC results using Geostationary satel¬ 
lites. However, the reduction of this magnitude is comparatively smaller than about 
30 per cent reduction observed during the eclipse campaigns of 1969 and 1970 in 
United States (Marriott et al, 1972) Probably the eclipse effects seem to be less 
marked at low latitudes 
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Polarimeters were set up at a few locations in India to record Faraday rotation 
of 136MHz radio beacon transmitted from the Geostationary satellite ETS-n, 
specifically to study the solar eclipse effects on the total electron content (TEC). 
The stations were situated at Rangapur m the totality zone and at Ahmedabad 
and Rajkot away from the totality Decreases in TEC of about 8 per cent at 
Ahmedabad and Rajkot and about 20 per cent at Rangapur were observed with a 
tune delay of about 20 minutes after the maximum obscuration There is an 
increase in the slab-thickness following the eclipse. A search for eclipse induced 
TIDs showed a negative result Polarisation scintillations were absent during 
the eclipse night 

Keywords: Total Electron Content (TEC); Polarimeter; HD; Polarisation 
Scintillation; ETS II 


Introduction 

A chain of polarimeters was set up to investigate the ionospheric effects of the solar 
eclipse of 16 February 1980, through Faraday rotation measurements at 136MHz 
using radio beacon transmitted from the geostationary satellite ETS-II The aims of 
the experiment were (1) to investigate the eclipse effects on total electron content 
(TEC) and (2) to detect any eclipse induced gravity waves which would interact with 
ionization and produce fluctuations m TEC The details of polarimeters have been 
described earlier (Banshidhar et al , 1977) and were set up at Rangapur (17°6'N, 
78°43'E) in the totality zone and at Ahmedabad (23°02'N, 72°36'E) and Rajkot 
(22°19'N, 79°44'E) which were outside the totality The locations are marked m Fig 1 
which shows the path of totality in India and the various locations where Physical 
Research Laboratory had conducted experiments during the eclipse campaign Ranga¬ 
pur experienced total solar eclipse for a duration of two minutes and nine seconds 
while both Ahmedabad and Rajkot had a maximum obscuration of 75 per cent 
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80 

Fig. 1. Map of India showing the path of totality, locations of various experiments performed by 
PRL, alongwith percentage obscuration by the solar eclipse of 16 February 1980. 


Results 


(a) Changes in TEC 

TEC conversions were made assuming a mean field height of 400km The daily 
variations of TEC on the eclipse day and on a control day (17 February 1980) at 
the three stations were derived from quarter hourly values. The decrease m TEC was 
very dear for Rangapur. For Ahmedabad and Rajkot the daily variation showed 
more than one peak because this eclipse was preceded by a magnetic storm and there 
was a tendency of two peaks one in morning and one around evening with a bite- 
out around noon on magnetically disturbed conditions at stations m the anomaly 
peak region. However, the second dip appears to be an eclipse effect. TEC at 
Ahmedabad and Rajkot was less on eclipse day than on a control day whereas for 
Rangapur opposite was the case. This again is due to the fact that 16 February was a 
disturbed day and in the anomaly crest region there would be a decrease in TEC 
while close to dip equator there would be an increase 

For calculations of the percentage change m TEC and the time delay involved 
TEC data were examined with sampling at every 3 minutes and a plot from 12hr to 
17hr on eclipse day is shown in Fig 2. The percentage change m TEC was about 17 
per cent at Rangapur, 8 per cent at Rajkot and 7 per cent at Ahmedabad with time 
delays of 25 minutes, 15 minutes and 18 minutes respectively. These figures are also 
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Fro. 2. Variation of TEC at Ahmedabad, Rajkot and Rangapur on 16 February 1980 during the 
period 12hr to 17hr based on data sampled every three minutes. 

collected in Tdble 1 alongwith the maximum TEC on that day. The electron density 
profiles over Ahmedabad reduced from ionograms had shown time delay gradually 
increasing with altitude and reaching to about 40 minutes near F2-region peak 
(Chandra et al., 1981) TEC hemg an integrated effect the observed delay is less than 

Tabus I 

Location of stations and observed changes in TEC 


Station 

Mean 

Sub-ionosphenc 

Nj> 

Percent 

Time 


field 

height 



(TEC) 

units 

decrease 
(A N t ) 

delay in 
minutes 


latitude °E 

Longitude °N 

Rangapur 

400 

819 

14.3 

125 

17 

25 

Ahmedabad 

400 

80 2 

21.0 

115 

7 

18 

Rajkot 

400 

78 9 

20.4 

115 

8 

15 


near F2-peak. Eclipse campaigns in United States during 1969 and 1970 showed 
decreases of about 30 per cent with time delays varying between 20-50 minutes 
(Marriot et al, 1972) 

At Ahmedabad, lonosonde was in operation and it was possible to study the 
variations in the equivalent slab-thickness also Daily variations of the TEC, N't, 
peak F2-region electron density N m and the equivalent slab-thickness -r (v 
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for Ahmedabad on 16 February 1980 are shown in Fig 3, which shows an increase 
in slab-thickness of nearly 100km due to the eclipse. 

(A) Eclipse Induced TIDs 

Generation of gravity waves by the shadow of moon as it moves supersonically 
across the earth’s atmosphere had been predicted (Chimonas & Hines, 1970; and 
(THimnnas 1970a, A). However, there has been a controversy about observing these 


AHMEDABAD 16 FEB.I980 



Fig 3. Daily variations of the TEC (Nj.), maximum E2-region electron density (A^ m ) and equivalent 
slab-thickness (f) at Ahmedabad for 16 February 1980 

TIDs from TEC measurements (Sethia et al, 1980) and a conclusive evidence has yet 
to come. This chain of polanmeters was primarily set up to detect any TIDs associated 
with the eclipse. 

To search for the eclipse induced fluctuations in TEC records for 16 February 
1980 at the three stations have been sampled every 3 minute and computer plots shown 
in Fig. 4a. To remove the diurnal variation a running mean high pass filter with width 
of (9) minutes is used and the detrended fluctuations are also plotted in Fig. 4 b. 
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Fig 4a. Computer plots of the daily variations of TEC at Ahmedabad, Rajkot and Rangapur on 
16 February 1980 based on data sampled every 3 minutes 

There was no evidence of any eclipse induced fluctuation. Small fluctuations of the 
order of a fraction of a TEC unit were seen all throughout which are not significant 
considering the accuracy in scaling which is also of the same order It must be added 
here that an earlier attempt to search for eclipse induced TEC fluctuations during the 
partial solar eclipse of April 1976 also showed negative results (Sethia et al, 1980). 
Taking into consideration the results of previous eclipse campaigns elsewhere it is 
now fairly certain that all these have failed to provide a conclusive evidence of eclipse 
induced fluctuations in TEC Either gravity waves are not generated at all due to the 
eclipse or the TEC being an integrated effect is not sensitive enough to detect such 
fluctuations 

(c) Polarisation Scintillations 

The Faraday rotation measurements at these stations showed polarisation scintil¬ 
lations on practically each night of the two weeks duration of measurements How- 
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Fig. 46. The detrended fluctuations in TEC using a high pass running mean filter of width 9 minutes 
are also shown m the same figure 


ever, on eclipse night such scintillations were found to be absent It must be noted 
here that the eclipse followed a magnetic storm and absence of s cintillati ons is a 
storm effect rather than an eclipse effect. During high sunspot activity period magnetic 
activity is known to inhibit spread-F or scintillations at low latitudes (Chandra & 
Rastogi, 1972; Chandra & Vyas, 1978, and Chandra et al, 1979) 
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OF 16 FEBRUARY 1980 
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Faraday rotation measurements were made during total solar eclipse period of 
16 February 1980 at Waltair (Lat 17.7°N, Long 83 3°E) using the VHF signal 
from the ETS-II (130°E long) geostationary satellite. The total electron content 
computed from die data has shown a 14 per cent depletion during the total 
obscuration (99 per cent) period. The minimum in the total electron content 
occurred 24 minutes after the maximum obscuration. The rate of decrease was 
found to increase by 1 5 x 10 ia electron/m 2 /sec when the obscuration was 
reaching its maximum The eclipse phenomenon did not seem to have produced 
any specific wavelike variations m TEC, since such variations are present on the 
days (15th and 17th) on either side of the eclipse day. 

Keywords: TEC; Faraday Rotation; Gravity Waves 

Introduction 

Considerable work has been done using satellite data during solar eclipse periods. 
Beinstock et n/.(1970) studied the TEC variations during solar eclipse of 7 March 
1970 by recording the Faraday rotation angle of the VHF signals transmitted from 
ATS-1 and ATS-3 satellites at Miahualtan in Mexico. Klobucher and Malik also 
studied TEC variations during the same eclipse at Hamilton where the sun was 96 per 
cent obscured at the ground observing station, and found that the TEC was depleted 
by about 30 per cent and reached its minimum 20 minutes after the maximum obscura¬ 
tion There were also other reports of similar nature of the same eclipse from different 
stations (Arendt, 1972, and Almeida & da Rosa, 1970) 

Chimonas and Hines (1970) and Chimonas (1970) suggested that due to the 
movement of moon’s shadow with supersonic speed, atmospheric gravity waves 
will be generated This phenomenon was investigated by several workers Davis and 
da Rosa (1970) and Chimonas and Hmes (1971) observed gravity waves during solar 
eclipse whereas some workers such as Hunter et al (1974), Schodel et al (1973), 
Arendt et al (1970) and Beckman and Clucas (1973) have reported the absence of 
gravity waves 

In the present paper we report the variations m the total electron content during 
the total solar eclipse period of 16 February 1980 obtained at Waltair (17 7°N, 83 3°E) 
by recording the Faraday rotation of the VHF signal from the ETS-II geostationary 
satellite (130°E longitude) 
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Data and Method of Analysis 

Records of the Faraday rotation angle obtained on a continuous haws axe used to 
compute the total electron content. The mean magnetic firfH {M mm 22.659 Mirs 
units), used, corresponds to a height of 420km The sub-ionosphenc point of the 
observation is found to be at a latitude of 16 4 # N and longitude of 88 3°E. The TEC 
data, thus obtained for the 15,16 and 17 February 1980 are considered for the present 
study, where 15th and 17th are considered as control days The diurnal variation of 
TEC calculated for each 15 minute interval for the three days of observation are 
utilized for studying the gross features observed in the eclipse dat a 

To study the variation of TEC dunng the eclipse, in greater detail, the Faraday 
rotation records are scaled at 2.5 minute intervals which are processed through a 
high-pass filter to remove the diurnal trend, using a computer programme. The 
detrended data are presented separately (Fig. 2) for examining wavelike variations in 
TEC. 


Results and Discussion 

At the present observing station the maximum obscuration was 99 per cent and it was 
about 40km away from the edge of the totality path and the first contact is at 1437hr, 
the maximum obscuration is at 1553hr and the last contact is at 1658hr local tima 
In Fig 1 is presented the diurnal variation of TEC for the 15,16 and 17 February 
1980 From this figure, it is dearly seen that there is a significant depletion in TEC 
dunng the eclipse period on 16th The TEC started decreasing from 1445hr i.e., 8 
minutes after the first contact which continued upto 1617hr i.e., 24 minutes after the 
maximu m obscuration, from where the electron content started increasing upto 1658hr 
i.e, the time of last contact and later it followed the regular diurnal trend of decrease 
in the late afternoon hours The minimum value of TEC dunng the eclipse penod 
is found to be 63 8 X10 1 * electrons/m 2 , and the difference in electron content between 
the first maximum (the value at the time of the first contact) and this minimum is 
10.3 X10 1 * electrons/m or a decrease of about 14 per cent The difference m TEC 
values between the eclipse minimum and the second maximum (the value of TEC 
at the time of the last contact) is 4 0 X 10 1< electrons/m 2 or an increase of 6 2 per cent. 

The delay between the time of maximum obscuration and the tune of the occur¬ 
rence of minimum m TEC is also reported by many workers Klobucher and Malik 
(1970) noticed a 20 minutes delay at Hamilton (95 per cent) dunng the solar eclipse 
of March 1970, Arendt et al observed 23 minutes at Fort Monmouth. Flaherty 
et al (1970) noticed 45 minutes delay while their theoretical computations showed a 
delay of 25 minutes This delay in the occurrence of the minimum was attributed to 
the larger recombination times of electrons and ions in the F-region Maraott et al. 
(1972) attributed the observed decreases in TEC values to the ionization transport, 
associated with the rapid cooling of the electron gas in the topside ionosphere 

Loss and Recovery of Ionization during the Eclipse 

As most of the ionization is produced mainly by the solar ionizing radiations, it 
may be expected that there will be significant loss of ionization when the sun and its 
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Fig. 1. Diurnal variation of total electron content for the 15, 16 and 17 February 1980 (Scales 
shifted to avoid overlapping) 

radiations are obscured by the shadow of the moon during the solar eclipse period. 
In the case of the present eclipse, the starting and ending of the phenomenon has 
occurred during that portion of the diurnal variation of the total electron content 
where the ionization has already started decreasing at an average rate of about 1 3 x 
10 1 * electrons m* sec* 1 . After the onset of the eclipse, during the first one hour, i.e., 
from 1437 to about 1540hr the rate of decrease of ionization has increased to about 
1.7 x 10 1 * electrons m 2 sec” 1 . This increase in the loss rate may be mainly due to the 
decrease in the production owing to the decrease in the intensity of the solar ionizing 
radiations. From 1540 to 1617hr, i e, upto 24 minutes after the maximum obscuration, 
the loss of ionization was found to increase much faster i.e, about 2 8 X10 1S electrons 
nr 2 sec. -1 This increase m the loss rate may be due to the fast cooling of the atmosphere 
around the total obscuration period of the sun. The ionization recovered to its normal 
value, increasing at a rate of 2,5 x 10 13 electrons m“* sec" 1 almost at the same rate at 
which it was lost just before total obscuration. 

Another phenomena of interest is to study the gravity wave induced perturba¬ 
tions in TEC. In Fig 2 is shown the detrended TEC values for 15, 16 and 17 
February 1980. From this figure it is clearly seen that there are quasipenodic varia¬ 
tions on all the three days of observation Since wavelike variations in TEC are 
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Fig 2 Plots of the detrended values of total electron content for 15, 16 and 17 February 1980. 
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present even before the starting of the eclipse, it is difficult to say that these wavelike 
variations are induced due to eclipse. Further, it is interesting to note that the ampli¬ 
tude of fluctuation of the observed variations in TEC during the night tune period of 
the control days are much larger compared to those on the eclipse day. Strikingly 
enough, this is due to the absence of scintillations on the night of the edipse day. 
Sethia et a/.(1980) recorded Faraday rotation and differential doppler during partial 
solar eclipse of 29 April 1976 and reported that they did not notice the presence of 
gravity waves at Ootacamund, Patiala, Bombay, Ahmedabad and Udaipur, but they 
reported the presence of gravity waves at Trivandrum, an equatorial station. 

Further, it is interesting to note that there are no scintillations on the eclipse day 
while severe scintillations are observed during the nights of both 15 and 17 February 
1980. Spread-F observations made at 5.6MHz at this station also show the absence of 
spread-F on the eclipse day while it is seen on the adjacent days. 
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IONOSPHERIC ELECTRON CONTENT CHANGES NEAR THE CREST OF 
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The results of observations on the behaviour of ionospheric electron content 


tion fr ^flcnrAfflftntg of a VHF satellite signal in Calcutta, which is situated below 
the northern crest of the equatorial anomaly, are presented A small decrease of 
5-6 per cent fr om the ambient level of the ionospheric total content around the 
time of totality and a prominent peak following the above have been obtained 
The results are examined m the li^ht of the phenomenon of the plasma transport 
connected with the Appleton anomaly 


Keywords: T«™wp herfc Electron Content (IEQ; Appleton Anomaly; Faraday 
Rotation; VHF Satellite Signal. 


The measurement of the total electron content (TEC) by monitoring the Faraday 
rotation of a VHF satellite signal is one of the most popular and effective techniques 
for studying the F-region of eclipsed ionosphere The investigations in respect of 
ionospheric effects have been carried out mainly on (1) eclipse induced gravity waves 
which might have a signature in the form of travelling ionospheric disturbances (HDs) 
as suggested by Chimonas and Hines (1970) and (2) depletion in total ionization 
near the time of totality The eclipse of 7 March 1970 in the North American Zone 
is the first widely studied eclipse using satellite beacons The different groups, mostly 
from mid latitudinal stations, reported total ionization depletions associated witti je 
eclinse in the range of 20-30 per cent for this eclipse (Klobuchar & Malik, 1970; 
SmeTAla Ro'sa, 1970, and Flaherty ef «/, 1970). For the solar edipse of 30 
June 1973 observations made by several groups were mainly in respect of eclipse 
induced gravity waves, while TEC depletion associated with the obscuration were 
not exphcity reported However, Hunter et (1974) apparently observed small 
depletions at low latitudes for the same eclipse In the light of earlier edipse 
observations, it is to be noted that although some information regarding echpse 
induced ionization depletion is available for mid latitudes, the same for low latitudes 

is sparse 
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During the total solar eclipse of 16 February 1980, the Institute of Radiophysics 
and Electronics of Calcutta University monitored the Faraday rotation of 136MHz 
si gnal from the geostationary satellite ETS-2 at a multistation network around Calcutta 
and near the path of the totality The null result in search of the eclipse induced 
TTDs has recently been reported by Das Gupta et al. (1981) for the same eclipse 
observations. This paper presents some results on the behaviour of total ionization 
around the time of totality over Calcutta (Geographic lat: 23°N, long: 88 5°E, dip: 
32°N), which is situated below the northern crest of the equatorial anomaly, and also 
to compare the same with some other eclipse observations. In the case of present 
eclipse the totality occurs in the subionospheric height range of 100-200km, whereas 
the mean ionospheric height of 400km used for the TEC computation lies close to the 
path of totality (98 per cent). 

Fig. 1 shows the behaviour of TEC variation on the eclipse day in relation to the 
normalized mean curve for February 1980 obtained at Haringhata (Calcutta). It 
has been found that the eclipse day TEC variation exhibits a departure from the 



Fig. 1 Total electron content variation on the eclipse day in relation to the normalized mean 
variation for February 1980. 
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mean curve even before the start of the eclipse A depletion around the time of totality 
and a prominent peak following it could also be noted therein. Some """H 
toons have been observed before the time of totality which may be to the 

magnetic disturbances present on the eclipse day. These fluctuations as well as the 
prominent nse immediately after the totality have rendered the estimate 0 f the eclipse 
induced TEC depletion somewhat uncertain and subjective. However a depletion 
of 5-6 per cent of the ambient level has been approximated around the timi* of 
totality in the present case. The percentage deviations during the time of obscuration 
as obtained from the high pass filter residues of TEC data are depicted m Fig. 2. 



Although some small amplitude TIDs have been observed before the totality, no 
HD of significant amplitude could be detected after the eclipse. The trough on TEC 
deviation curve around the time of maximum obscuration could be identified as the 
eclipse effect 

The TEC depletion obtained in the present case is much smaller compared to 
that reported for mid latitudinal stations during previous eclipses. An earlier lono- 
sonde observation at the present location on a partial solar eclipse occurring in the 
morning hours also revealed a much higher depletion (26 per cent) in F2 ionization 
(Datta et al, 1959) But it is important to note here that the production of plasma is 
the dominating phenomenon in the morning hours, whereas the transport of plasma 
is dominating in the afternoon hours. Again plasma transport at a location depends 
on the local time and the geomagnetic field orientation The present observing station 
being situated below the equatorial anomaly crest and the eclipse having taken place 
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m the afternoon hours, the processes connected with the afternoon phase of the 
equatorial anomaly have probably masked the eclipse induced perturbation. The 
prominent peak in TEC immediately following the totality is possibly due to the 
reappearance of the anomaly crest during its decaying phase in the afternoon hours. 

For the present eclipse, Chandra et «/.(1981) reported an eclipse induced TEC 
depletion of 15-20 per cent as obtained at Ahmedabad which has a geomagnetic 
l lnnafirwi similar to Calcutta. It may be mentioned here that the subionospheric 
point for Calcutta is nearer to the totality belt compared to that for Ahmedabad. 
Moreover, ma-rimnm obscuration occurred about 30 minutes earlier at Ahmedabad. 
Bienstock et al (1970), observing over two beacon paths, also obtained less depletion 
for a location nearer to the totality belt. It should be further noted that for the present 
eclipse, more of the bottomside ionosphere is obscured at Calcutta, whereas at 
Ahmedabad more of the topside is obscured. In view of the high value of hm F2 
during present high solar activity penod, the effect of obscuration of the ionosphere 
on total electron content is expected to be greater at Ahmedabad than at Calcutta 
in the present case. 

The amplitude of the afternoon peak, m terms of the percentage increase of 
TEC around 1730hr from the TEC value at 1600hr, has been found to be the highest 
on the eclipse day in the month of February 1980. This may be m conformity with 
that fact that the equatorial anomaly, as obtained from the multistation observations 
over the Indian subcontinent, was fairly well developed (Singh, Lakha, 1981, private 
common.) The eclipse day being a magnetically disturbed one, the equatorial anomaly 
should have generally been inhibited (Basu & Das Gupta, 1968). However, the 
development of the Appleton anomaly depends mainly on the electroject strength 
(Deshpande et al, 1977), which may be weak or strong independent of the magnetic 
activity conditions (Kane, 1976). It may also be relevant to note here that Huang 
(1974) found evidences of large amount of plasma transport to the subtropical region 
after one hour from the start of the eclipse, as a result of the rapid change of hm F2 
over the equator during a high solar activity penod. 
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Ionospheric total electron content (TEC) observations were carried out from 
eight stations during 26 February 1979 total solar eclipse over North America. 

The TECs were determined from the Faraday rotation of the plane of polariza¬ 
tion of the VHF signal from geostationary satellites. Local times of totality of the 
eclipse m the ionosphere observed from the various stations ranged from 0734hr to 
1400hr. Depletion of the ionospheric total electron content from the non-eclipse 
average behaviour varied up to a maximum of 40 per cent for the ionosphere 
experiencing 100 per cent eclipse. Maximum TEC depletion occurred on average 
33 minutes after maximum contact. Most of the stations showed a rapid rate of 
depletion of TEC about 30 minutes after first contact, the rate of depletion 
reaching a minimum value at or before maximum obscuration. Before fourth 
contact was reached, the rate of increase of TEC generally had overshot the non- 
eclipse day average, gradually returning to that average after the fourth contact. 

Using lonosonde data, it was found that the peak density of the F-region and the 
TEC varied by approximately the same amount at those stations for which the 
E-region had formed before first contact of the eclipse. Slab thicknesses were not 
significantly changed during the eclipse. 

Keywords: Total Electron Content; Faraday Rotation; Plane of Polarization; 

VHF Signal; Geostationary Satellite; Ionograms 

Introduction 

Early research into ionospheric eclipse effects revolved around ground based 
techniques such as vertical incidence lonosondes and fixed frequency transmissions 
(Beynon & Brown, 1956). These techniques have now been supplemented by rocket 
and satellite studies as well as incoherent backscatter measurements (Rishbeth, 1968; 
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and /. atm. tew. Pkys., 34(4), 1972). The advent of geostationary satellites in con* 
junction with lonosonde measurements have enabled a more d^aiM study of the 
spatial and temporal variation of the eclipse effects to be performed (Klobuchar & 
Malik, 1970). Recently, interest has centered on the production of artificial 
in the ionosphere produced by rockets (Mendillo et al., 1975, 1979) and the space 
shuttle (Mendillo et al., 1978). 

The total solar eclipse of 26 February 1979 provided an opportunity to study the 
response of the F-region of the ionosphere over North America during the production 
of a naturally occurring hole. Previous eclipses have produced both in the 

peak density of the F-regions (Evans, 1965) and decreases (Marriott et cd., 1972). 

Observations 

Ionospheric total electron content (TEC) observations were carried out from eight 
stations during 26 February 1979 total solar eclipse over North America. The TEC 
was determined from the Faraday rotation of the plane of polarisation of the VHF 
signal from a suitably located geostationary satellite, using die method of Tithendge 
(1972). From one of the stations, Hamilton, observations were made using four 
satellites. Fig 1 shows the location of the stations together with the 420km sub- 



Fla 1. Map showing the centre line of path of totality at 420km for 26 February 1979 solar eclipse 
over North America The TEC stations are shown together with the 420km sub-ionosphenc 
points (crosses) along the ray paths to the geostationary satellites The nominal sub-satellite 
positions of the various geostationary satellites are also shown. 

ionospheric point along the ray path to the satellite. The sub-satellite locations of 
the satellites are also shown The continuous line indicates the centerline path 
of totality of the eclipse at 420km. Table I lists the TEC stations, satellite beacons, 
and the 420km sub-ionosphenc points and their invariant latitudes As well, lonosonde 
stations and their locations are indicated 
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Table I 

Total electron content observation sites and tonosonde locations 





420km sub-ionosphenc point 

TEC Station 

Satellite 

Latitude 

Longitude 

A 



°N 

°W 

°N 

Goose Bay 

ATS-5 

462 

624 

60 

Chukuni 

ATS-3 

45 6 

95 5 

58 

Bozeman 

SMS-2 

413 

1105 

51 

Hamilton 

ATS-3 

38 5 

75 9 

53 


SMS-2 

38 5 

767 

53 


snuo 

381 

59 8 

51 


ATS-5 

379 

707 

53 

Boulder 

GOES-2 

365 

1040 

47 

Vandenberg 

ATS-1 

318 

123 8 

39 

Kennedy 

ATS-5 

263 

79 6 

41 

Ramey 

ATS-5 

171 

674 

36 


Ionosonde Station 


Latitude 

Longitude 

A 



°N 

°W 

°N 

Fort Monmouth 


402 

741 

53 

Boulder 


401 

105 2 

49 

Vandenberg 


348 

120 5 

40 

Goose Bay 


53 3 

605 

63 


For the two stations located m the path of totality, Chuknni and Bozeman, the 
time sequences of the eclipse along the ray paths from 0 to 1000km are shown in 
Fig. 2(a) and 2(b). For Chukuni, totality extended almost to 900km, whereas for 

CHUKUMI TO ATS-3 



Flo 2. Time sequences of the fraction exposed of the solar disc during the total solar eclipse of 
26 February 1979 along the ray paths from 0 to 1000km for (a) Chukuni and (6) B ozeman 
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Bozeman, it reached almost 400km For both stations, the contact times occurred at 
earlier times with increasing height 

Ionogram data from Fort Monmouth, Boulder, Vandenberg and Goose Bay 
were also used to investigate the bottomside changes during the eclipse. 


Results 


(a) Total Electron Content 

Figs. 3(a), (b) and (c) show the TEC results for the eight stations. Also shown in 
Figs 3(a) are the Fredericksburg K indices for 26 February 1979. A magnetic 
storm had occurred on 22 February and the day of 26 February was still showing 
moderate activity. Numerous small substorms were reported from 0845 UT to 1900 
UT. For the TEC results shown in Fig 3, the continuous lines are the results for 26 
February, the dashed lines are the average for several days around the eclipse day, 
and the crosses indicate TEC curves which have been obtained from the averages by 
normalization at a suitable time to the TEC curves for 26th. This procedure was 
adopted if the average curves differed markedly from the curves for the eclipse day. 
Arrows on each plot indicate the time of first contact, ma x i m um obscurations, and 
last contact of the eclipse at a height of 300km The eclipse day TEC values were 
taken at five minute intervals from 14 to 21 hours UT, all other data being taken 
at fifteen minute intervals For each station, the average curve was derived from 
available data, this vaned from two to six days around the eclipse day. 

The time variation of the eclipse at 300km height for the ray path to the satellite 
for each observation from the stations together with the deviation of the TEC, A Nt, 
from the average curve (dotted line) and the deviation from the normalized average 
curve (crosses) are shown in Figs 4(a), (b) and (e). The rate of change of TEC, dNtldt, 
is also plotted m Fig 4 together with that of the average curve The vertical hues indi¬ 
cate the time of first and fourth contacts and the maximum obscuration at 300km 
This height was chosen as an intermediate point between that of peak production 
and that of median height of the Faraday TEC 
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For each of the TEC eclipse day results, the time delay of minimum TEC, and of 
m ax i mum TEC depletion from the time of maximum eclipse were noted. Table II 
summarizes these results for each station and satellite observed together with the 
echpse contact times, percent maximum eclipse and the TEC percent depletion The 
TEC from all of the stations except Ramey and Goose Bay showed an effect which 
could be attributed to the eclipse. For the ray path from Ramey, the ionosphere was 
only 2 per cent eclipsed at 300km at maximum contact and no effect which could be 
attributed to the echpse was observed. Goose Bay TEC appeared to be under the influ¬ 
ence of particle precipitation in the auroral regions as the effect of the photoiomza- 
tion cut-off was small Scintillation activity occurred throughout most of the day For 
the remaining nine TEC results, first contact commenced at local times ranging 
from 0632hr at Vandeaberg sub " lonos Phenc point to 1246hr at the Hamilton to 
SIRIO satellite sub-ionosphenc point Hence, for Vandenberg, Bozeman, Boulder and 
Chukuni, the eclipse occurred during the morning increase in TEC and thus caused a 
delay in the morning increase For the TEC results from Hamilton and Kennedy, the 
eclipse occurred near the peak of the TEC and hence caused a ‘bite out ’ However, 





Station 

Satellite 


300km 


_ TOP 

Time delay from 
maximum 

eclipse (minutes) 

mmum Maximum 
TEC TEC 
Depletion 

First 

Contact 

(UT) 

Maxi¬ 

mum 

(UT) 

Fourth 

Contact 

(UT) 

liiV/ 

% % 
Eclipse Deple¬ 
tion Mi 

Goose Bay 

ATS-5 

1626 

1741 

1854 

71 

11 

14 

14 

Chukuni 

ATS-5 

1530 

1645 

1804 

100 

40 

5 

30 

Bozeman 

SMS-2 

1510 

1619 

1734 

100 

38 

16 

36 

Hamilton 

ATS-3 

1554 

1714 

1833 

64 

20 

11 

46 


SMS-2 

1554 

1714 

1834 

67 

16 

31 

31 


SIRIO 

1625 

1739 

1850 

47 

14 

36 

36 


ATS-5 

1604 

1723 

1840 

59 

15 

37 

37 

Boulder 

GOES-2 

1506 

1618 

1738 

92 

29 

12 

67 

Vandenberg 

ATS-1 

1447 

1549 

1658 

81 

39 

— 

11 

Kennedy 

ATS-5 

1534 

1649 

1807 

39 

7 

— 

26 

Ramey 

ATS-5 

1633 

1706 

1740 

2 

0 

— 

— 













BOULDER 
FEB 261979 


VANDENBERG 
FEB 26 1979 


.'~v 




(«) 

Fra. 4. (a), (b), (c) Tune sequences of the percentage observation at 300km, the m TEC and 
the rate of change of TEC for each station except Ramey for the eclipse day lines), 
the average value (dashed lines) and normalized average values (crosses). 
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Fio. 4(e) (.For caption see p 450) 

for the Hamilton SIRIO satellite results, fourth contact occurred at the expected 
daily peak time of the TEC and hence, the TEC did not recover from the eclipse 
depletion before the afternoon decrease commenced (see Morton & Essex, 1978) 
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For the TEC results from Chukuni, the rate of depletion showed a rapid 
fall after about 30 minutes following first contact, reaching a minimum value before 
maTimnm contact. Before fourth contact was reached, the rate of increase of TEC 
had overshot the non-eclipse average, gradually, returning to the non-echpse average 
after the fourth contact. Maximum TEC depletion occurred at 30 minutes after maxi¬ 
mum solar observation. This type of behavior was typical of most of the TEC results. 
Fig. 5 is a plot of the percentage depletion of the TEC results versus the percentage 



Fig 5 Graph of the percentage observation versus percentage depletion using data from the eleven 
TEC results. The line of best fit (excluding Ramey TEC data) is % observation = 381 + 
1482 + % depletion m TEC 

observation. As a first order approximation, the line of best fit for the points is: 

% observation“=38 1 + 1.482 + %depletion in TEC Hence, for this eclipse, 
no measurable effect occurred in the ionospheric total electron content until the 
percentage observation of the sun exceeded 38 per cent 

(b) Ionograms 

Ionosonde data from Fort Monmouth, Boulder, Vandenberg and Goose Bay 
for the eclipse period were analyzed to determine the bottomside response to the 
eclipse. The peak density of the ionosphere was determined from the / # F2 values at 
five minute intervals obtained from the Fort Monmouth ionosonde for the eclipse 
period on 26 February 1979. The results are shown m Fig. 6(a) together with the 
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Fig 6. (a) Peak density and slab thickness variations at Fort Monmouth during the total solar 
eclipse of 26 February 1979 (dots at five minute intervals) and on February 24 (circles at 
hourly intervals) and February 25 (crosses at hourly intervals) 

(b) and (c) Topside and bottomside TEC, peak density, peak height and slab thickness 
variations at Boulder and Vandenberg during the total solar eclipse of 26 February 1979 
(fifteen minute values) Also shown for Boulder are the peak density and slab thickness 
variations at hourly intervals (crosses) for 25 February 1979 (see pp 454-55). 

(d) Peak density variations at 10 minute intervals at Goose Bay during the total solar eclipse 
of 26 February 1979 Also shown are the hourly values for 24 (circles) & 25 (crosses) 
February 1979. The arrows indicate the first, maximum and fourth contact of the eclipse m 
the ionosphere at 300km (see p 456) 


hourly values for 24 & 25 February 1979 The arrows indicate the eclipse contact 
times in the ionosphere at 300km. The Fort Monmouth peak density behaviour is very 
similar to the Hamilton TEC results In this case, the parts of the ionosphere being 
sampled are very close (see Table I) Slab thicknesses (the ratio of the TEC to the peak 
density) were calculated using the Hamilton ATS-3 satellite The slab thickness para¬ 
meter is a first order measure of the shape of the ionosphere F-region profile Both the 
eclipse day and 24 February showed increases around the same UT times. Hence, the 
slab thickness increases on 26 February are not necessarily the result of the eclipse. 

True height reduction of the lonosonde data were earned out for the eclipse 
penod at fifteen minute intervals for Vandenberg and Boulder. From the calculations, 




454 


E. A. ESSEX et al. 


the bottomside TEC was obtained and thence the topside TEC by subtraction from 
the corresponding Faraday TEC recorded at that station. These results are plotted in 
Fig. 6 (b) for Boulder, and Fig. 6(c) for Vandenberg together with the F-region peak 
densi ty and height, and slab thicknesses. For Boulder, the peak density and slab 


BOULDER FEBRUARY 26 1979 



Fig 6(6). (For caption see p 453.) 

thickness at hourly intervals on 25 February are also shown. The TEC and tonosonde 
data do not refer to exactly the same location, but within our limits of accuracy, the 
contact times of the eclipse are coincident. Comparison of the true height profiles 
(not shown), the bottomside, and topside TEC and Am FI for Boulder indicates that a 
filling in of the bottomside ionosphere starts after maximum observation whereas the 
topside TEC does not start to increase for over an hour This is partly caused by an 
increase in h m F2, although the total TEC shows a similar behavior The slab thick¬ 
ness parameters also shows an increase, indicative of a change in layer shape 

First contact of the eclipse at Vandenberg occurred before the E-layer had 
formed and hence bottomside observations are complicated by the normal morning 
formation of the E-layer and its depletion by the eclipse Large variations m the 
height of the peak also modify the bottomside TEC results The slab thickness 
parameter shows a continuous increase, indicating a change m layer shape. This is 
indicated on the bottomside by the changes in the true height profiles (not shown) 
as the E-layer forms 




RESPONSE OF THE TOTAL ELECTRON CONTENT 


455 


VANDENBERG FEBRUARY 26 1979 



Fig 6(d) is a plot of N m F2 at Goose Bay on the eclipse day, 26 February, and 
on the two previous days, 24 and 25 February The peak density for the eclipse day 
is considerably less than that for the two previous days A decrease in the peak density 
commences around the time of maximum obscuration and recovery does not start 
until after the fourth contact The peak density only recovers a small amount before 
the late afternoon decrease, which is generally rapid at Goose Bay, occurs. During the 
duration of the eclipse, the lonosonde data is complicated by the occurrence of a 
second F2-layer of higher density (see Fig 6 (d)) This may be caused by other auroral 
activity or reflections from a higher density layer further to the south in a region of 
lower obscuration The Goose Bay TEC (Fig 3 (a )) shows only a small eclipse effect 
whereas the Goose Bay peak density which is observed further to the north and hence 
closer to the peak of totality (see Fig 1) shows a marked eclipse effect 

Discussion 

The TEC results presented here for the total solar eclipse of 26 February 1979 across 
North America show that the cut-off in solar ionizing radiation produced a significant 
depletion in the TEC along the path of the eclipse At one of the stations, Goose 
Bay, the eclipse effect was probably partly masked by particle precipitation associated 
with substorm events A first order approximation indicates that for this eclipse, for 
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GOOSE BAY 1979 



UT 


Fio. 6(<0. (For caption see p. 453.) 


observations greater than 38 per cent, a depletion in TEC occurred. This effect in TEC 
is larger than that reported by Almeida et al. (1972) and Marriott et al (1972) for 
the 1970 total solar eclipse across North America. These differences may have been 
caused by oppositely directed vertical wind drifts during the two eclipses. For the 
1979 eclipse the path of totality was northward for all the stations except for the two 
stations in the path of totality 

One of the interesting features of the TEC results from most of the stations for 
this eclipse was the recovery of the rate of change of the TEC to values greater than 
the average non-eclipse values before fourth contact and their slow return to the 
non-eclipse values after fourth contact. Possible explanations for this effect include 
he modification of neutral winds and electric fields during the eclipse. This effect 
requires further investigation. F 

f P eak densit y and bottomside ionosphere using lonosonde 

?? ? d ?“* *5° rf density and TEC de P leti °ns were similar for two of the 
ur stations for which data were available. For the third station, Vandenberg, the 

f monUIlg before tbe E ' h ^ T bad formed and the § peak 
density showed only small changes although the TEC results show a large depletion. 

I £ the , c ( ombmed effect of large changes m layer height 

iSed ne ? (see Flg - 6 (c) ) Increases m slab thicknesses 

occurred at both Fort Monmouth and Boulder during the eclipse but these changes 
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cannot definitely be attributed to the eclipse as similar variations occulted on other 
days (see Fig. 6 (a) ) Similar results have been reported by Klobuchar and Malik 
(1970) during the 1970 total solar eclipse. For the fourth station, Goose Bay the 
proximity of the auroral oval and the spatial separation of the parts of the ionosphere 
being sampled by the ionosonde and the Faraday rotation measurements may have 
led to differences in the peak density and TEC. 
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Ionospheric Drifts 

HORIZONTAL DRIFT MEASUREMENTS OVER UDAIPUR DURING 
THE SOLAR ECLIPSE OF 16 FEBRUARY 1980 

D. V. Sardesai, M. Agrawal, S. Mathur and R. K. Rai 

Department of Physics, University of Udaipur, Udaipur-313 001, India 

(Received 15 February 1982 ) 

The horizontal drift measurements have been made over Udaipur (Geogr lat 
24 6°N, Geogr long 73 7°E) dunng'the recent solar eclipse of 16 February 1980 
using spaced receiver technique. Observations on 5 0MHz during daytime and 
2 5MHz during night tune for F-region drift have been made on 15, 16 & 17 
February 1980 with half an hour interval round the clock except from 1330hr to 
1630hr (75°EMT) when the unit was run nonstop The observations have been 
analysed by similar fade analysis A few samples have been subjected to correla¬ 
tion analysis. It has been found that the apparent drift speed increases about half 
an hour after the first contact, decreases in main phase and becomes normal 
after the fourth contact is over Effect of solar eclipse on EW and NS compo¬ 
nents of apparent drift vector is also studied All the timings are 75°EMT 

Keywords: Ionospheric Drift; Spaced Receiver Technique; Similar Fade; 
Correlation; EW&NS Components 

Introduction 

For the last decade the horizontal drift measurements over Udaipur are going on 
with a set-up very much similar to Mitra’s (1949) spaced receiver technique The 
present paper communicates the results obtained from the observations taken at 
Udaipur during the recent solar eclipse Maximum obscuration was 75 per cent at 
Udaipur The first contact, maximum phase and fourth cantact occurred at 1358, 
1512 and 1615hr 1ST respectively. 

Observations and Analysis 

The fading of amplitude at three spaced receiving aerials of the echoes of 5 0MHz 
during daytime and 2 5MHz during night time reflected from the F-region have 
been recorded The receiving aerials are half wave dipoles located at the vertices of 
an isosceles right angled triangle with the sides 90m, 90m and 127m Observations 
were recorded on NP55/35m negative film On 15, 16 and 17 February 1980, obser¬ 
vations were recorded nonstop from 1330hr to 1630hr (75° EMT) However, for 
other hours of these three days, the observations were taken for 5 to 7min after every 
half an hour The speed of the recording camera was 5-6cm/s Time markings at 
intervals of 12s are incorporated in the records using a synchronous motor 
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The observations recorded from 1330hr to 1630hr on the said three days have 
been analysed by similar fade method of analysis for every five minute intervals. The 
rest of the observations taken at half an hour intervals on IS, 16 & 17 February 1980 
are also analysed by similar fade method A few fading records have been subjected 
to correlation analysis. For this, the fades were magnified (8cm “ 12sec) and traced 
on the graph paper The amplitudes on all the three aerials were then digitized with 
optimum time interval 0) and fed to IBM-360 computer The programming is 
based on the method given by Briggs et al (1950) and later on developed by Fooks 
(1965) Table I gives a comparative study of the results obtained from similar fade 
method and correlation method of analysis Some of the typical samples of fading 
records obtained during eclipse and afterwards are shown m Fig. 1. 

Since a geomagnetic storm was also observed on 15 and 16 February, and the 
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Fig 1 Some typical fades obtained on eclipse day (Time—75°EMT) 
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SK P for eclipse day was +40, a diurnal variation of apparent drift speed correspond¬ 
ing to a day in winter season with - + 40, ls also drawn for ready comparison 
{See Fig 2, curve 2>) Using the data for quiet days a mean profile is also drawn for 
winter season 1980 (Fig. 2, curve A) This agrees with the diurnal variation at this 
latitude (Kumar, 1975) The post eclipse day, 17 February was a quiet day {SK 
- +4) Profile for this day is shown as curve C(Fig. 2). The observed diurnal varia¬ 
tion of apparent drift speed on eclipse day is shown by curve B (Fig. 2). 



Fig. 2 Diurnal variation of apparent drift speed on normal days, magnetically disturbed day, 
17 February 1981 and eclipse day (Curve A, DC & B respectively) 

Figs 3 and 4 represent the EW and NS components of apparent drift vector 
on control days and eclipse day In both the figures, curves A, B and C represent 
profiles for average of normal days, eclipse day and 17 February 1980. 

Results and Discussion 

Rao et al (1961) and Sastry and Rao (1971) have shown at Waltair that F-region 
drift decreases with increase m K p Rastogi et al (1971) have also reported negative 
correlation between apparent drift speed and K„ Sardesai et al (1980) have shown 
a similar relationship between the two parameters at this latitude The diurnal van- 
ation, curve D(Fig 2), for the day SK„ ■= +40 has low values of apparent drift 
speed in comparison to quiet day results. This is in agreement with the above findings. 

It may be observed that the value of apparent drift speed shows a sharp increase 
about 25 minutes after the first contact The peak value is found at 1450hr (75° EMT) 
The value thereafter fluctuates and finally reaches the normal day value after the 
fourth contact is over Davis & da Rosa (1970) in an observation on total electron 
content during eclipse of 7 March 1970 observed passage of TID during eclipse 
Hajkowicz (1977) also confirmed presence of TID when monitored in the path away 
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from totality. Pradhan et al. (1972) have shown that during the passage of a HD, 
the observed fading rate was highly increased. Janve (1975) and other workers at 
this latitude have shown a positive correlation between the fading rate and the ap¬ 
parent drift speed. The increase in drift speed during the solar eclipse may, therefore, 
be Ftt plaiiW on the basis of passage of HD over the receiving aerials thus increasing 
the fading rate as well. However, it is difficult to say whether such a sharp increase 
can be ^plained on the basis of TID presence Another possible explanation could 
be the setting up of a temperature gradient due to uneven sudden cooling of the 
ionosphere. 

The EW component of the apparent drift vector on normal days (curve A) 
remains for most part of the day westward (from 1100 to 1700hr). At die sunset 
hours, it changes its direction from westward to eastward. This is quoted also by 
earlier workers (Kumar, 1975). On the eclipse day, (Fig. 3, curve B) the component 



became eastward at around 1450hr, remained eastward during the mam phase of the 
eclipse from 1450 to 1600hr and finally turned westward. For the rest of the time it 
followed the normal day variation On 17 February 1980 (curve Q the results are 
almost identical with control days. 

This shows that sunset conditions were set-up at 1450hr and continued till the 
main phase was over. 

The NS component of apparent drift vector in normal days, (Fig. 4, curve A) 
remains most part of the day southward On the eclipse day (curve B), the NS compo¬ 
nent has shown the same tendency of remaining southward but a very large south¬ 
ward component is observed during the main phase of the eclipse Udaipur was on 
the north of totality belt. Thus a temperature gradient from the region of totality 
towards Udaipur may be expected This temperature gradiant may cause the plasma 
flow and thus increase the southward component at this latitude If this is one of the 
reasons for increase in southward component the results at stations south of totality 
path should show an increase in northward component. Recently, some new stations 
have been established at Courtalam and Madras under the scheme “Indian Collabo¬ 
rative Work on Ionospheric Drifts,” but unfortunately the equipment could not be 
run during the solar eclipse. 
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O-O NORMAL DAY 



Fig. 4. Diurnal variation of NS component on normal days, eclipse day and 17 February 1980. 
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SOLAR ECLIPSE EFFECTS ON GEOMAGNETISM 
R G. Rastogi 

Indian Institute of Geomagnetism, Colaba, Bombay 400 005, India 
(Received 9 February 1982 ) 

The paper re-examines the results of geomagnetic studies during solar eclipses 
conducted at different parts of the world The solar eclipse effects are generally 
small and are often mixed up with other disturbance effects occurring simul¬ 
taneously Solar eclipses during geomagnetic quiet periods indicate significant 
effects more clearly at low, less at medium and least at tropical latitudes near the 
focus of Sq currents One of the largest effects of solar eclipse on geomagnetic 
field was observed at Huancayo on 12 November 1966, amounting to a decrease 
of tsH by 48nT The largest per cent decrease of the lonosphenc currents from 
the normally expected value amounting to 60 per cent was recorded m Ceylon 
on 20 June 1955 

Keywords: Solar Eclipse; Geomagnetism; Sq Currents 

Introduction 

As early as 1900, Bauer expected that the effect of a solar eclipse on geomagnetism 
would be as though part of the night hours were suddenly imposed among the day 
hours He organised the observations of geomagnetic field at a number of stations 
within as well as outside the track of totality of a solar eclipse. However, the occur¬ 
rence of magnetic disturbance during the eclipse made it difficult to interpret the 
eclipse effect Bremmelen (1905) examined the geomagnetic observations during 
several eclipses Normand (1907) described the results of geomagnetic observations 
at a few stations within the region of totality and within the partial zone dur ing the 
total solar eclipse of 30 August 1905. He showed perturbations in geomagnetic field 
occurring synchronously at widely separated stations which were of non-eclipse 
origin. He obtained difference curves for pairs of stations and concluded a definite 
eclipse effect on the declination, being about 8 8nT. The maximum value of the 
declination effect coincided at all stations with the maximum phase of the eclipse 
itself Chree (1913) discussed the results of geomagnetic observations at Kew Obser¬ 
vatory in connection with the solar eclipse of 17 April 1912 and found the d ata in¬ 
sufficient to justify a conclusion either m favour of or against the eclipse effect He 
(Chree, 1915) was more sceptical of the solar eclipse effect on geomagnetic field on the 
basis of observations at Kew Observatory during the solar eclipse on 21 August 1914 
Gama (1948) studied the effect of solar eclipse of 20 May 1947 on geomagnetic field 
at Vassouras, Brazil (magnitude of eclipse 0 89) He used a special method to remove 
the influence of lunar effects and obtained a “normal” curve for the eclipse day on 
the basis of the data on the control days He found that the horizontal intensi ty on 
the eclipse day started decreasing four hours before the commencement of the eclipse, 
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tbs decrease continued until the end of eclipse A few minutes after the end of the 
eclipse the H field began to rise again and acquired its normal value two hours after 
the end of the eclipse The declination began to change eastward from its norma! 
position before the start of eclipse, reaching the maximum eastward deflection of 
3'.4 towards the end of the eclipse. He estimated the eclipse effect to be approximately 

Kato (1951) observed the effect of solar eclipse on 12 September 1950 at a few 
Japanese stations where the maximum obscuration was from 0 27 to 0 58. A 
of the declination was noticed beginning even before the start of the eclipse and 
continued till about an hour after the end of the eclipse. No distinct ft ffyt g were seen 
in the horizontal field during the eclipse 

In India, regular routine observations of the magnetic field are av ailabl e for a 
very long period starting from the Colaba Magnetic Observatory in 1841 and its 
transfer to Alibag Magnetic Observatory in 1905 and are continued till today. Malur- 
kar (1954) examined the magnetograms of Colaba and Alibag observatories during 
the solar eclipses However, he could not derive any conclusive evidence. Often 
magnetic disturbances intervene during the echpse period. Even apart from the 
storm effects, fluctuations in the geomagnetic field vitiate the small echpse effect 
being looked for. During his introductory speech at the Mixed Commission of the 
ionosphere at Brussels m July 1948, Chapman (1949) remarked that during an eclipse 
we get a reduction of conductivity at some part of the normal current sheet and a 
reorientation of the lines of current flow occurs on the original uniform current sheet 
He doubted whether echpse effects have ever been reliably established in magnetic 
records 

The total solar eclipse on 30 June 1954 provided an excellent opportunity for 
studying the effect on the geomagnetic field as the track of moon’s shadow crossed 
over Scandinavian and East European countries where a dense network of permanent 
magnetic observatories were already in operation. Egedal and Ambolt (1955) collected 
and examined the magnetograms from eleven magnetic observatories in the region 
and isolated the eclipse effect on the declination at these observatories. The distance 
of the observatories from the ionospheric central line varied from 01° for Edh, 0 4® 
for Lerwick, 1 7° for Rube Skov to 9 1° for Abinger For most of the observatones 
the totality occurred near noon hours when the ionospheric conductivities are at their 
daily maximum The observations were normalised according to a method proposed 
by Ryd (1917) They isolated definite eclipse effect on the declination, the maximal 
deviation m declination occurred almost at the same time as the maximal obscuration 
at the solar disc at the station concerned. The maximum effect was found to be about 
28 per cent of the daily range which was very close to the theoretical value suggested 
by Chapman m 1933 Mean of the deviation for each 10 mm group averaged for all 
the stations is reproduced in Fig 1 after Egedal (1956) It is seen that the maximum 
effect during the period of totality was only about 1 5' in declination The effect of 
the eclipse as a function of the distance from the centre of totality has been redrawn 
m Fig 2 from the data given by Egedal (1956) in his paper It is seen that at distance 
of 100km the eclipse effect is reduced to about 35 per cent of what it is at the region 
of totality and at 500km away the effect is reduced below 1/2 per cent of the effect 
at the centre Thus the geomagnetic effect is reduced very rapidly as we move away 
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Fig. 1. Averaged deviation of the dedination at European observatories during the total solar 
eclipse on 30 June 1954 after Egedal (1956). 



Distance from the centre of totality (km) 


Flo 2. Magnetic effect due to a total solar eclipse as a function of distance from the centre of 
totality after Egedal (1956) 

from the region of totality. Ionospheric observations were also made during the 
same eclipse and abnormally large decrease in the ionization densities in the E-, Fl- 
as well as F2-layers were noted. At Ekenas, Sweden, where the maximum obscuration 
of the sun was 100 per cent the E-region ionization was reduced to 25 per cent of the 
normal non-eclipse day (Stoffregen, 1956). Thus there was a decrease of 75 per cent 
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in the E-region ionization compared to only 28 per cent decrease in the ma g^tin 
field at ground level. 

Another report of ionospheric as well as geomagnetic observations maria simul¬ 
taneously during a solar eclipse was by Bossolasco et al. (1961) for the total solar 
edipse on 15 February 1961 at Genova, Italy. They found that the ionization of the 
E-region was reduced to 38 per cent of the normal quiet day value i.e., there was a 
of 62 per cent. During the eclipse, the mean deviation of geomagnetic 
field from the unaffected variation interpolated with the aid of the two control days 
was about 5nT for H and 3nT for D as compared to normal sq amplitude of 9nT 
for the time of eclipse. They also noted that H variation at Tortosa (where the maxi¬ 
mum obscuration at ground was 87 per cent showed a weaker depression than that 
recorded at Geneva, while at Wingst (83 per cent maximum obscuration) no appre¬ 
ciable depr essi on was noted. This again stressed the narrowness of the region of 
geomagnetic effect of solar eclipse near the region of totality. 

The moon’s shadow during the solar eclipse on 20 June 1955 crossed over Ceylon, 
So uthern Burma, and Philhpmes. For studying the geomagnetic effect of the eclipse, 
Tnriian sci e ntists had established a station at Hingurakgoda close to the central line 
(Sankar Narayan, 1956) and the Japanese team had their station at Kandy within 
the totality zone (Kato, 1956). During the same period intensive lonospheric/magnetic 
observations were undertaken at Kodaikanal Astrophysical Observatory in southern 
fori™ where the maximum obscuration of the sun was 91 per cent. In Fig. 3 after 



Fig 3 The variation of the horizontal geomagnetic field at Kandy, Ceylon during the solar eclipse 
(20 June 1955) and on the following day. 
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ygtn (1956), are reproduced the AH at Kandy on the eclipse day (20 June) and on 
the follow ing day. The decrease of the horizontal field dunng the eclipse is very 
clearly shown. In Fig 4 are shown the variation of AH At Hingurakgoda, Ceylon 
and of the critical frequency of the E- region (/ 0 E) at Kodaikanal, India on 20 June 
1955 around the eclipse period It is interesting to note that with the start of the 
eclipse both/ 0 E as well as AH started decreasing, reached the minimum value around 
the period of maximum phase of the eclipse after which both the parameters increased, 
rapidly towards the normal value The minimum value of/ 0 E dunng the eclipse, was 
1.85MHz compared to the interpolated normal value of 2 95 MHz. During the maxi¬ 
mum phase of the eclipse the E-region ionization was reduced to a value of (1 85/2 95)* 
—0 4 times that expected on a normal day. The decrease of the horizontal field near 
the eclipse ma-vimum was about 24nT lower than the interpolated normal day value. 
With reference to the minimum night time value, the minimum value of AH at the 
time of totality was 16nT, thereby giving the value of AH eclipse/A if normal to be 
16/40—0 4. This value is remarkably similar to the reduction of E-region ionization 
indicating that the reduction of the horizontal magnetic field dunng the eclipse was 
entirely proportional to the decrease of E-region ionization. 

Another set of magnetic and ionospheric observations at low latitude regions 




Time 1ST 


Fiq 4 Temporal variations of £\H at Hingurakgoda, Ceylon and of fJE at Kodaikanal, India 
around the solar eclipse on 20 June 1955 
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was available during the solar eclipse of 12 October 1958 Kato (1965) described the 
magnetic observations at Suwarrow Island (4) =■ 13.25*8, A»1631°W, Dip 25.4°S). 
A very definite depression of the horizontal field was noticed during the iwrimum 
phase of the eclipse, the magnitude of change being about 12nT. Van Zandt (1960) 
described the results of ionospheric soundings at Danger Island (4 - 10 8°S, A— 
166°W, Dip-22°S) also in the same region as the Suwarrow Island. A regular 
m the ionization density at fixed heights was noticed; the value of NmE near the 
period of maximum obscuration decreased to 6.8 X 10 s electrons/cc as compared to 
normally expected value of 19 0 X 10 5 electrons/cc suggesting, during the eclipse, 
the E-region ionization had decreased to 38 per cent of the expected nor mal value. 
Correspondingly, the A if with reference to the night value had to only 

75 per cent of the normally expected value during the eclipse. In this case 
currents had decreased by 25 per cent as compared to ionization decrease by 
62 per cent 

The most important study of the equatorial electrojet during a total solar 
was conducted m Peru during the solar eclipse on 12 November 1966. The track of 
moon’s shadow crossed transversely the equatorial electrojet belt. The geomagnetic 
field was recorded at six stations within the electrojet region, the dip angfe at the 
northernmost stations Ancon and Huancayo being 21°N while that at the southern¬ 
most station was 4.6°S. The results of the expedition have been described by Ghesecke 
et al.( 1968) and by Kato and Mori (1968). Regular ionospheric soundings were 
taken at Huancayo In Fig 5 are shown the temporal variations of the horizontal 
geomagnetic field H and the E-region critical frequency / 0 E at Huancayo during the 
solar eclipse on 12 November 1966 Distinct decreases of H and of / 0 E during the 
eclipse penod with the minimum at the maximum phase of the eclipse are clearly 
seen The H field had decreased by about 48nT of / 0 Ehad decreased by 1.1MHz In 
other words AH with reference to night time base value had decreased to 0 6 times 
the normal value but N m E had decreased to 0.4 times the corresponding normal 
value, that is the currents decreased by 40 per cent while the E-region ionisation dec¬ 
reased by 60 per cent during the eclipse In Fig 6 are shown the variations of normal 
Sq (JET) as well as the maximum eclipse effect on H at different stations in Peru during 
the solar eclipse on 12 November 1966 It is interesting to see that the variations 
of both these parameters with the distance from the centre of the magnetic equator 
are very similar to each other Furthermore, AH due to eclipse had a linear relation 
with AH due to sq currents This suggests that the normal electric field m the sq 
band was left unaffected and the eclipse effect on geomagnetism at low latitudes 
was primarily due to the decrease of the E-region ionization However, it is to be 
noted that the decrease of current (AH) in this eclipse was not of the same order 
as the decrease of E-region ionization as in the case of eclipse at Kodaikanal on 
20 June 1955 (Sankar Narayan, 1956), The path of totality of eclipse on 20 June 
1955 was almost parallel to the magnetic equator in the Indian ocean region and 
therefore a large portion of the equatorial electrojet region would be successively 
deprived of the normal solar emissions, thus causing a widespread decrease of the 
ionospheric currents and thereby AH The track of totality of the eclipse on 12 Novem¬ 
ber 1966 crossed the magnetic equator m Peru almost transversely, hence, moon’s 
shadow created large decrease of ionization in only a very localised region There 
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Total Solar Eclipse 12 November 1966 




Fig. S. Variations of the horizontal geomagnetic field, H and the critical frequency of the E-region, 
/oB at Huancayo during the total solar eclipse on 12 November 1966. 


occurred another solar eclipse in low latitude regions of South America during the 
morning hours on 24 December 1973 The maximum obscuration of the sun at Huan¬ 
cayo and Fuquene occurred at about 1400 UT or 0900 LT. The magnetograms did 
not indicate any depression m AH associated with the solar edipse The track of 
totality passed close to Fuquene and stil 1 no effects were noted, suggesting that the 
horizontal geomagnetic field at stations dose to the Sq focus, such as Fuquene is not 
affected by the solar eclipses. 


Conclusions 

(1) The effect of solar eclipse on geomagnetic H-field is definitely seen at equatorial 
electrojet stations specially when the track of totality is parallel to the magnetic 
equator. 

(2) Solar edipse effects at mid latitude stations are smaller and are seen on D rather 
than on Zf-component 

(3) Geomagnetic effects of solar eclipse decreases rapidly with the distance from 
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12 NOVEMBER 1966 



Fig 6. Latitudinal variation of normal Sq(#) and the maximum solar eclipse effect on the# field 
at Peruvian stations during the solar eclipse on 12 November 1966. Also, the linear relation 
between A H due to eclipse and A# due to normal Sq is shown. 


totality and the effects are reduced to the level of noise at a distance of 500km from 
the regions of moon’s shadow. 
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MAGNETIC OBSERVATIONS AT HYDERABAD AND ETAIYAPURAM 
DURING THE SOLAR ECLIPSE OF 16 FEBRUARY 1980 

B. J Srivastava, D Pandurangam, T. S. Sastry and Habiba Abba s 
National Geophysical Research Institute, Hyderabad-500 007, India 
(Received 18 July 1981) 

Special magnetic observations of total intensity were continuously recorded at 
Hyderabad located just outside the track of totality with a Proton Precession 
Magnetometer (InT/mm, 2cm/mmute) on 15,16 and 17 February 1980 These 
observations are analysed and studied along with records of the horizontal com¬ 
ponent taken at Hyderabad (0 99 obscuration), Etaiyapuram (0 82 obscuration) 
and Sabhawala (0 61 obscuration) magnetic observatories, on the eclipse day of 
16 February 1980 Simultaneous records obtained at San Juan (U.S A) are also 
examined 

A moderate magnetic SC-storm commenced on 15 February at 1234 (SC ampli¬ 
tude m ff, +6nT) and continued up to 16 February 2300 UT, with a range of 
152nT m H and one K-index of 6 at Hyderabad Both the horizontal component 
and the total intensity values at Hyderabad and the horizontal component at 
Etaiyapuram remained depressed by about lOOnT on the day of eclipse as com¬ 
pared to the preceding day, and showed similar storm-time fluctuations super¬ 
imposed thereon Two sudden impulse events of global character were observed 
at 0902 UT and 1120 UT with //-amplitudes of —5 and +4nT respectively at 
Hyderabad, at the commencement and the end of the eclipse 
A decrease of about 20nT m the horizontal component centred around the 
maximum phase, and about 0 5' (6nT) in the westerly declination just after the 
maximum phase during the period of the eclipse at Etaiyapuram, located almost 
on the magnetic (dip) equator and under the influence of the equatorial electrojet, 
was apparently caused by the solar eclipse due to a decrease m the E-layer iono¬ 
spheric conductivity and the Sq currents At Hyderabad, a relatively smaller 
effect of 5nT was masked by the magnetic disturbance 

Keywords: Magnetic Intensity; SC-Storm; Ionospheric Conductivity; Electrojet; 

Sq Currents 


Introduction 

The ideal conditions for a clearcut demonstration of the Chapman-type reduction 
(1933) of about 28 per cent in the geomagnetic Sq variation at the time of a solar 
eclipse are* a magnetically quiet day, occurrence of the eclipse around local noon 
when the Sq attains its peak value, location of the observation site within the path of 
totality or closeby and a duration of several minutes for the totality Chapman and 
Bartels (1940) pointed out that according to Chapman’s theoretical discussion (1933), 
partial eclipses (with 70 per cent or more of the sun obscured at maximum phase) were 
as good as total eclipses for observation of their magnetic effects, m the shadow zone 
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on the ground, implying thereby that totality in eclipses is of much less importance 
in geomagnetic than in astronomical studies. They also computed the effect of solar 
eclipses on the Sq current system, following the shutting off of the solar ultraviolet 
radiation by the moon, the consequent reduction in the lonosphenc integrated con¬ 
ductivity (about 50 per cent in the E-layer) in the shadow zone, and the decrease of the 
Sq currents, resulting in a reduction of about 28 per cent in the geomagnetic Sq variation 
at the time of the eclipse Since the Sq variations are abnormally large m the equatorial 
electrojet region as compared to low latitude stations lying outside the jet region, 
the eclipse reduction too would be expected to be quite large at the electrojet stations, 
even if the eclipse is not total. 

KaXo and Ossaka (1956) observed a dear and prominent geomagnetic effect 
decrease of 12nT in H) in Ceylon (Sri Lanka) in the equatorial electrojet region 
on the occasion of the total solar eclipse of 20 June 1955, under very calm magnetic 
conditions. Although Snvastava and Sastn (1959) observed a decrease in the hori¬ 
zontal intensity at Phalodi in Rajasthan during the total solar eclipse of 30 June 
1954, it could not be definitely ascribed to the eclipse due to slightly disturbed geo¬ 
magnetic conditions prevailing at the tune of the eclipse which occurred just before 
sunset 

The total solar edipse of 16 February 1980, again provided an excellent op¬ 
portunity for the study of its effect on the geomagnetic fidd m Peninsular India 
containing the track of totality, and the magnetic equator (equatorial electrojet 
region) in the extreme southern tip Snvastava et al. (1980) gave a preliminary dis¬ 
cussion of the magnetic observations made at Hyderabad and Etaiyapuram during 
the eclipse. 


Observations 

Special magnetic observations and continuous visual recording (speed 2cm/mmute) 
of the total intensity F were carried out on 15, 16 and 17 February 1980, during the 
day hours at the Hyderabad Magnetic Observatory of NGRI, with a highly sensitive 
(InT/mm) Proton Precession Magnetometer fabricated by the NGRI, besides the 
continuous photographic registration of the variations of H, D and Z components 
using a set of normal La Cour variometers The observations on 15 and 17 February 
were intended to serve as controls for the comparison of the observations recorded 
on the eclipse day of 16 February 1980. Simultaneous La Cour magnetograms 
obtained at the Etaiyapuram Magnetic Observatory of NGRI located almost on 
the magnetic (dip) equator m Tamil Nadu, and showing large geomagnetic variations 
due to the equatorial electrojet, were also analysed and studied for a possible eclipse 
reduction of the Chapman type Magnetic records from the Sabhawala (Dehra 
Dun) Observatory operated by the Survey of India, m North India close to the Sq- 
focus, and also from the American Observatory at San Juan m the same latitude 
belt but in the opposite hemisphere which was free from the solar eclipse were also 
examined. Table I gives the coordinates of these observatories, the recording equip¬ 
ments and their sensitivities, the circumstances and the magnitude of the eclipse at 
each station as computed by Subrahmanyam and Rao (1979) 



Table I* 

Coordinates of the magnetic observatories , equipments used and their sensitivities and the circumstances of the solar eclipse 

of 16 February 1980 


Observatory Geographic Geomagnetic Beginning Maximum Magm- Ending Equipments and their sensitivities 



Lat 

Long. 

Lat. 

Long. 

of 

solar 

eclipse 

(UT) 

phase of 
eclipse 

(UT) 

tudeat 

maxi¬ 

mum 

phase 

time of 
eclipse 

(UT) 







h m 

h m 


h 

m 


Sabhawala 

30°22'N 

77°48'E 

+ 20 8° 149 8° 

09 09 

10 18 

0.61 

11 

20 

Askama variometers, H 3 2nT/mm, D 0 5'/ 
mm, Z 3.4nT/mm, Paper speed 20 mm/hour. 

Hyderabad 

17*25^ 

78°33'E 

+ 7.6° 

148 9° 

08 58 

10 17 

0.99 

11 

26 

La Cour variometers, H 4.6nT/mm, D 0.37 
mm, Z 3 8nT/mm; Paper speed 15 mm/hour. 

Etaiyapuram 

09°10'N 

78°01'E 

- 0 6° 

147 5° 

08 51 

10 11 

0.82 

11 

21 

La Cour variometers, JET4.8nT/mm» D 0.377 
Z 2.3nT/mm; Paper speed 15mm/hour. 

San Juan (USA) 

18°07'N 293°51'E 

+29.9* 

3.2° 


No Eclipse 




Askania variometers, H 1.7nT/mm, D 0.57 


mm, Z 3.8nT/mm; Paper speed 20mm/hour. 


♦After Subrahmanyam and Rao (1979) 
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Data Analysis and Isolation of Eclipse Effect 

At the time of the solar eclipse of 16 February 1980, a magnetic storm was already 
in progress. 

The storm of moderate intensity began with a sudden commencement on 15 
February 1980 at 1234 UT (SC amplitude in H at Hyderabad being +6nT) and 
continued up to 2300 UT on 16 February 1980, with a range of 152nT in H and one 
K-index of 6 at Hyderabad Both the horizontal component and the total intensity 
values at Hyderabad and the horizontal component at Etaiyapuram remained de¬ 
pressed by about lOOnT on the day of the eclipse as compared to the preceding day 
and showed similar storm-time fluctuations superimposed thereon, except a charac¬ 
teristic decrease of about 20nT at Etaiyapuram durmg the period of the eclipse 
Figs. 1, 2 & 3 give the plots of 15-mmute values of F and H at Hyderabad and H at 
Etaiyapuram on 15, 16, and 17 February 



Fig 1 Plots of 15-minute values of the total geomagnetic intensity F at Hyderabad recorded with a 
Proton Precession Magnetometer on 15, 16 and 17 February 1980, dunng the day hours 
The values on the eclipse day of 16 February 1980, were depressed by about lOOnT and 
showed storm-time oscillations 


Fig 4 gives a plot of the 15-minute values of H on 16 February 1980, the day 
of the eclipse as recorded at Sabhawala (Dehra Dun), Hyderabad, Etaiyapuram and 
San Juan Storm-time fluctuations of global character were observed at all the stations, 
with the exception of an eclipse reduction of about 20nT recorded only at Etaiya¬ 
puram durmg the period of the eclipse 
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Fig. 2 Plots of 15-mmute values of the horizontal intensity at Hyderabad on 15,16 and 17 February 
1980, scaled from the relevant magnetograms, during the day hours (05-17 UT) Note the 
depression of about lOOnT in the level of H on 16 February 1980, accompanied by storm¬ 
time fluctuations, due to the magnetic storm mam phase. The effect of the solar eclipse 
(0 99) was vitiated by the fluctuations caused by the storm 

In order to confirm that the decrease m H observed at Etaiyapuram during the 
eclipse was a real eclipse effect, without any contamination by the storm-time fluctua¬ 
tions or a counter-electrojet event, the following procedure was adopted Departures 
of 15-minute values of H from the corresponding midnight value (average value for 
1700 to 1800hr UT) were computed both for Hyderabad and Etaiyapuram on 16 
February 1980, which gave a combination of Sq (ionospheric source) and storm¬ 
time fluctuations (magnetospheric source and ionospheric modifications) Since the 
storm-time fluctuations are of magnetospheric origin, with slight ionospheric modi¬ 
fications, their amplitudes at Hyderabad and Etaiyapuram and other stations m 
Peninsular India, are expected to be of the same order Hence, the differences between 
the corresponding departures of H at Etaiyapuram and Hyderabad, AH (ETT- 
HYB), were also computed from the 15-mmute values for the hours of 01-14 UT, 
so as to remove the magnetospheric effect from the data and to get an idea of 
the ionospheric electrojet, the eclipse effect or counter-electrojet effect at Etaiyapuram 
(Fig 5) Rastogi (1975) used such differences between the Sq ( H ) values at 
an equatorial electrojet station (Kodaikanal or Trivandrum) and a low latitude station 
(Alibag), to identify counter-electrojet events during intervals of time when AH 
(KOD-ABG) decreased below its mean night-time value l e, it became negative 
Fig 5 shows that no counter-electrojet event occurred at Etaiyapuram on the 
day of the eclipse since no negative values of AH (ETT-HYB) have been found The 
decrease of about 15nT around the maximum phase of the eclipse at Etaiyapuram 
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10 12 

HOURS UT 


Fio 4. Plots of 15-minute values of the horizontal intensity at Sabhawala, Hyderabad, Etaiyapuiam 
(India) and San Juan (US A) on the eclipse day of 16 February 1980, scaled from the 
relevant magnetograms of the stations, showing similar storm-time fluctuations of global 
character during the period of the eclipse with the exception of Etaiyapuram An 
reduction of about 20nT can be clearly seen at Etaiyapuram during the eclipse. 
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AH (ETT-HYB) 



Fig. 5. Plots of 15-minute values of the differences of Sq (ff) at Etaiyapuram and Hyderabad during 
the day hours on the eclipse day of 16 February 1980, showing dearly the between 

the eclipse reductions at Etaiyapuram and Hyderabad (15nT). It also shows the absence of a 
counter-electrojet event, during which the difference should be negative or below the night 
level 

brings out the difference between the ecbpse reduction in J5T at Etaiyapuram (20nT) 
and at Hyderabad {see Fig 4) The eclipse reduction in H at Hyderabad thus turns 
out to be about 5nT. It will be seen from Figs. 2 and 3 that the Sq {If) corresponding 
to the ecbpse hours on the control day of 17 February 1980, which was fairly quiet 
was about 20nT at Hyderabad and 60nT at Etaiyapuram. Thus the eclipse reduction 
m H at Hyderabad and Etaiyapuram works out to be 25 per cent and 33 per cent of 
the prevailing Sq (H) respectively, which is in good agreement with the theoretical 
results (28 per cent) of Chapman (1933). 

Figs. 6 and 7 show the plots of 15-mmute values of D at Hyderabad and 
Etaiyapuram respectively on 15, 16 and 17 February 1980, from 0500 to 1700hr UT 
as measured from the corresponding magnetograms of the two observatories. 



Fig 6 Plots of 15-mmute values of the westerly declination at Hyderabad on 15, 16 and 17 February 
1980 scaled from the relevant magnetograms during the day hours (05-17 UT) Note the 
effect of the storm on 16 February 1980, and the westward swing observed during the eclipse 
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Fio. 7. Plots of 15-minute values of the westerly declination at Etaiyapuram on 15, 16 and 17 
February 1980, scaled from the relevant magnetograms during the day hours (05-17 UT). 
The reduction of 0 S' (6nT) in the westward swing observed during the edipse, as compared 
to Hyderabad, was due to the solar eclipse 

Hie storm effect can again be seen in the depressed levels of the westerly 
decimation at both the stations on 16 February 1980, accompanied by similar storm- 
time oscillations The westward swing of 1 25' during the eclipse at Hyderabad reduced 
to 0.75' at Etaiyapuram under the influence of the solar eclipse, thereby showing 
that the eclipse reduction at Etaiyapuram in the westward fluctuation was 0 5' (6nT). 
Since the variations in the vertical component Z reflect a considerable amount of 
anomalous ground induction effects arising from crustal inhomogeneities, no attempt 
was made to study the eclipse effect in Z. 

Of special significance were two sudden impulse events of global character 
recorded at the commencement and the end of the eclipse on 16 February 1980, at 
0902 and 1120 UT with//-amplitudes of — 5nT and +4nT respectively at Hyderabad 
These formed part of the magnetic storm which was in progress on the day of the 
eclipse (Fig 5), and were also observed simultaneously at Dixon Island, Sverdlovsk, 
Alma Ata, Tashkent, Furstenfeldbruck and San Juan Such hydromagnetic signals 
are also associated with bursts of pulsation activity 

We have thus demonstrated how an eclipse effect can be isolated under 
geomagnetically disturbed conditions, following a method quite different from that 
of Stening et al (1971), and further shown that these magnetic effects (reductions) 
are quite large m the equatorial electrojet region 

Concluding Remarks 

Although a magnetic storm was in progress at the time of the solar eclipse of 16 
February 1980, it was possible to identify and isolate an eclipse effect in the horizontal 
intensity and decimation at the equatorial station of Etaiyapuram The eclipse reduc¬ 
tion m H at Etaiyapuram (0 82 obscuration) was about 20nT around the maximum 
phase, amounting to about 33 per cent decrease in the prevailing Sq, while 
at Hyderabad (0 99 obscuration) it was only about 5nT, a decrease of about 25 per 
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cent m the Sq, which is m good agreement with the theoretical results of 28 per cent 
reduction given by Chapman (1933). A reduction of about 0.5' (6ril) m the variation 
of westerly declination during the eclipse was also observed at Etaiyapuram 
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The present paper examines the geomagnetic field observations in the Indian 
zone during the period of total solar eclipse of 16 February 1980. The eclipse 
day was highly disturbed and the magnetograms were affected both by non- 
lonosphenc as well as non-Sq ionospheric currents. No definite eclipse induced 
effects in the geomagnetic field could be isolated when the magnetograms from 
Indian zone (65-80°E) are compared with the same from 100-1SO°E longitude 
zone. 

Keywords: Geomagnetism; Solar Eclipse; Magnetogram; Non-Sq Ionospheric 
Currents 


Introduction 

Solar quiet-day variation (Sq) of the geomagnetic field is largely due to the dynamo 
currents in the E-region and, therefore, it is natural to expect change m Sq whenever 
the dynamo system is altered However, attempts to detect change m the geomagnetic 
field in the eclipse zone have only met with partial success (Rastogi, see p 464) mainly 
due to the following facts: (i) Geomagnetic eclipse effects will be clear only on magne¬ 
tically quiet days whereas often the day of the eclipse is geomagnetically disturbed and 
(») the anticipated decrease in magnetic field is small though the E-region depletion of 
electron density is quite appreciable Attempts have been made m recent years, to 
identify eclipse-induced geomagnetic field changes even during disturbed conditions 
(Stening et al , 1971; Lilley & Woods, 1978; and Rangarajan & Murty, 1981) A total 
eclipse of the sun, with its track of totality running almost parallel to the dip equator 
in the Indian zone, occurred on 16 February 1980. 

In this note we utilize the original magnetograms obtained at a chain of magnetic 
observatories in the Indian zone (all stations are within ± 5° of 75°E meridian) for 
four days between 13 February and 17 February 1980. The stations considered include. 
Gulmarg, Jaipur, Ujjain, Alibag, Hyderabad and Trivandrum Actual magnetograms 
of Alibag for 4 days are shown in Fig 1 

Analysis and Results 

The mean quiet-day variations in H-component during February 1980 at the Indian 
stations are shown in Fig. 2 It is seen that at Gulmarg the range of the diurnal varia- 
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Sq (H)~ February 1980 



Fig 2 Average solar quiet day variation in H for February 1980 for some Indian stations 
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tion of Sq (ff) is small indicative of the proximity of the station to the focus of the 
northern hemispheric Sq current system. This is consistent with the inferred position 
of focus for winter from latitudinal variations by Arora et al (1980). 

During disturbances, the field variations of non-ionosphenc origin are expected to 
have similar features and magnitudes at stations separated by small latitude spacings 
and in the same longitude zone, and therefore can mostly be eliminated by subtracting 
the recorded variations at Gulmarg from that of the other stations. In this process of 
subtraction, ionospheric part of the variations is expected to be retained (Kane, 
1978) To test the validity, we obtained the difference in hourly values of H at Alibag 
and Gumarg for each day of the month in February 1980 For all the days the 
maximum of the difference occurred within ± 1 hour of local noon but the differ enc e 
curve for 16 February 1980 was distinctly odd Also, synchronous with the maTimnm 
phase of the eclipse, a depression m the field could be noticed. The difference curves 
for some typical days are given in Fig. 3 Therefore, it was considered worthwhile to 
examine this feature in greater detail. The magnetograms were digitized at 3-minute 
intervals for the three days 13, 15 and 16 February 1980 13th was a quiet day whereas 
the other two were marked by field fluctuations of disturbance origin. A sudden 
commencement was registered on the H trace at 0310 UT on 14 February and another 
at 1234 UT on 15 February (see Fig. 1). 


AH (ALIBAG)- AH(GULMARG) 



Flo. 3 Diurnal variation of the difference in mean hourly values of H at Alibag and Gulmarg for 
some typical days of the month of February 1980 Note the odd feature on the eclipse day. 
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Plots of the high-resolution difference (between station and Gulmarg) axe given 
in Fig. 4 It is seen that on a magnetically quiet day the excess variation at both 
stations Alibag and Trivandrum are very smooth and systematic and depict behaviour 
expected of a local time dependent lonosphenc-current-mduced magnetic vanations. 
On 15 February, the low latitude stations outside the electrojet belt, still depict the 
smooth diurnal variation and the difference curve for Tashkent and Gulmarg show the 
anticipated reversal m pattern But, at Trivandrum in the electrojet region, the 
smooth variation is replaced by a two-humped structure indicative of the role played 
by electric fields in the jet region during disturbances (Rastogi, see p. 464). 

On 16 February the quiet-day variation pattern is completely obscured at all the 
stations (see Fig 1 for Alibag) suggesting that the entire vanation is mainly due to 
disturbance only The process of subtraction of Gulmarg data at each instant of time 
from other station, would therefore be expected to yield again features similar to that 
observed for 15 February 1980 except for the duration where the moon's shado w was 
sweeping over the station. Fig. 4 (top panel) shows that while Alibag and Jaipur do 
indeed show anticipated diurnal variation with maximum piose to local noon, the 
phase reversal at Tashkent is absent Hyderabad had a slightly different pattern 
and Trivandrum vanations are characterized by high-frequency oscillations, even 
during periods before commencement of the eclipse. However, coincident with 
the eclipse interval, a clear deviation from the smooth decrease of the field could 
be noticed at all the stations Jaipur, Alibag, Tnvandrum and to a small extent at 
Tashkent. Is this due to the solar eclipse? The answer could only be an ambiguous 
‘yes’. The ambiguity arises from several factors. 

(i) The eclipse effect decays exponentially as a function of distance away from the 
centre of totality and stations beyond about 5° is not expected to show any 
signature (Egedal, 1956, and Rastogi, 1981) but Jaipur being 9° away in latitude 
from path of totality does indeed show an appreciable deviation 

(h) If the depression m the field observed at Tnvandrum is to be attnbuted to the 
eclipse effect, then similar depression occurring earlier to the onset of eclipse 
need also to be explained. If they are due to electnc field changes m the equa- 
tonal region, then similar field was also the cause of depression during the 
eclipse period 

(m) Finally, for Tashkent where the obscuration of the sun was less than 15 per cent, 
there is still a tendency of the field to dimmish in relation to its neighbourhood 
during the eclipse Does it imply that the global Sq current, at least over the 
longitude zone of the moon’s shadow path, reduces in strength for the duration 
of the eclipse 9 Or does it mean that the process of subtraction still leaves the 
effects of non Sq currents 9 

(iv) In Fig. 5, we show the magnetic field variation on 16 February 1980 between 
4 and 12 UT as recorded at pairs of station in nearly the same latitude but 
separated in longitude, which includes the hours of eclipse in the Indian zone 
The eclipse effect being local time dependent, should be seen only at Indian 
zone and not at further east of Indian longitude stations. Thus there should 
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Fig 4 High-resolution difference curve (at 3min interval) between the H field at some stations 
m the Indian Zone and Gulmarg for three days 13,15 and 16 February 1980 


be no eclipse effects at Hong Kong (long 105°E), Kakioka (long. 140°E) or 
Guam (long. 145°E). On the other hand, field changes of non-ionospheric origin 
should occur at the same UT at all the stations From Fig 5, we notice between 
9 and 12 UT, a depression followed by a slow rise at Gulmarg, which occurs at 
the same UT at Hong Kong and can be seen even at Kakioka indicating this to 
be of non-ionospheric origin If this variation has larger amplitude at Gulmarg, 
then one can see changes m the difference curves (Gulmarg minus station) 
coincident in time with the eclipse duration but not necessarily caused by the 
ionospheric changes due to the sun’s obscuration Thus the decrease of geo¬ 
magnetic field component H at Indian stations with respect to the same 
Gulmarg though vary with the time of the eclipse m the Indian region near the 
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Hours UT 

Fig 5 H variation trace at pairs of stations in nearly the same latitude but well separated m 
longitude for 8 hours inclusive of eclipse duration on 16 February 1980 

totality does not conclusively attribute due to loss of ionisation and thereby due 
to decrease of conductivity and hence due to the Sq current Most probably 
these effects are due to some sort of non-Sq current regions during highly 
geomagnetic active periods In the electrojet region, large short-period fluctua¬ 
tions are seen both at Trivandrum and at Addis Ababa centred on the eclipse 
duration m Indian zone Many of these fluctuations appear to be only an 
enhancement of weak fluctuations observed simultaneously at other low latitude 
stations These can be attributed to enhancement due to electrojet of sources 
universal in nature rather than localized eclipse effect Any eclipse effect at 
Trivandrum, if present, seems to have been vitiated by large storm-time electric 
field fluctuations For reference of ther eaders, details of the solar eclipse at 
few select stations are provided in Table I 
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Table I 

Details of the solar eclipse at few select stations m Indian zone 


Station 

Code 

Geogr Lat 

Geogr. Long 

Dip 

Begin 

Max 

End Magnitude 







1ST 



Tashkent 

TAS 

41° 25' N 

69° 12'E 

61° N 

— 

_ 


015 

Gulmarg 

GUL 

34°03 / N 

74°24'E 

51° N 

1440 

1544 

1642 

047 

Jaipur 

JAI 

26° 55' N 

75°48 / E 

40° N 

1432 

1546 

1651 

0 68 

Ujjarn 

UJJ 

23° 11' N 

75°47'E 

33° N 

1428 

1545 

1653 

079 

Alibag 

ABG 

18° 38'N 

72°52'E 

25° N 

1419 

1540 

1653 

087 

Hyderabad 

HYD 

17° 25'N 

78° 33'E 

20° N 

1428 

1547 

1656 

099 

Tnvandrum 

TRD 

8° 29' N 

76° 57 7 E 

1°S 

1420 

1540 

1650 

0 80 
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During the period of total solar eclipse of 16 February 1980, in addition to the 
nine magnetic observatories over different parts of the country, the registration of 
transient magnetic variations was in progress by an array of 21 magnetometers 
m the Indian peninsula The primary objective of this array study was to delineate 
the electrical conductivity structure through the electromagnetic induction effects. 
A few stations were so located that they could detect geomagnetic effect of solar 
eclipse In spite of favourable geographical location, the possibility of detecting 
simple ‘Chapman’ effect was largely hindered because of the occurrence of a 
magnetic storm As many of storm related effects propagate through ionosphere, 
it is likely that certain features of short-period fluctuations may be altered in the 
shadow region of total solar eclipse due to perturbation in ionospheric conduc¬ 
tivity The feasibility of detecting eclipse effect during magnetically disturbed 
conditions has been demonstrated by comparing simultaneous magnetic records 
in and outside the region of solar eclipse Taking advantage of excellent network 
of magnetic observations during the period around 16 February 1980 over 
Indian peninsula, we have attempted to isolate magnetic effects associated with 
the eclipse 

Examination of the records of horizontal component at a number of stations 
situated on a line approximately at right angles to the path of totality indicates 
the presence of a depression on the field synchronous with the time of eclipse 
whose characteristics fairly resemble those expected from the Chapman theory 
The critical examination of short-period fluctuations in If at other times coupled 
with the nature of variation in the vertical component, which is very prone to the 
local conductivity structure of the earth, clearly suggests that some of the spatial 
characteristics of the depression m the field observed at the time of eclipse may 
as well be due to the varying sub-surface geology Yet another noteworthy event 
of unusual nature is a sharp fluctuation whose signature differs markedly to the 
north and south of the path of totality Its amplitude increases with increasing 
distance from the path of totality, particularly in the electrojet belt The possi¬ 
bility of its being associated with eclipse is discussed giving possible source 
mechanism 

Keywords* Magnetometer Array; Solar Eclipse; Complex Demodulation; Eclipse 
Effect 
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Introduction 

Since the beginning of the 20th century attempts have been made to discover 
geomagnetic field changes produced by solar eclipses The observed results were not 
very convincing because of vague changes during eclipses and frequent overlapping 
with geomagnetic disturbances. Chapman (1933) discussed the eclipse effect theoreti¬ 
cally, and Chapman and Bartels (1940) emphasized the need for further observations 
Based on theoretical considerations, Chapman (1933) proposed an ionospheric current 
model during an eclipse, according to which a decrease of 28 per cent is expected m 
the Sq (H) at the time of the eclipse. Nagata et al. (1955) used different ionospheric 
parameters and revised the Chapman model to account for the expected effect on 
all the components of the Earth’s magnetic field. 

Following Egedal and Ambolt (1955), Kato (1960) indicated a clearcut decrease 
in the horizontal field during an eclipse. Egedal and Ambolt (1955), Kato (1956, 
1960 and 1965), Nagata et al. (1955), Sternng et al. (1971), Lilley and Woods (1977), 
Scheepers (1978) and Lilley and Woods (1978) discussed the eclipse effect on the 
geomagnetic field in detail. 

An array of 21 magnetometers (Fig. 1) was in operation in southern India during 

SOUTHERN MAGNETIC ARRAY STATIONS AND 
PERMANENT OBSERVATORIES OF INDIA 



G* GUIMARG 
S* DEHRA DUN 
J« JAIPUR 
U* UJJAIN 
f 3 A0ILABA0 
A« ALIBAG 
H3"HYDERABAD 
Gt MARGAO 
G2 0HAWAR 
G3 BELL ARY 
G4 MAHANAN0I 
G5 CHIRALA 
FI SURATHKAL 
F 2 HASSAN 
F3 BANGALORE 


FA VELLORE 
F5 MAORAS 
El CALICUT 
E 2 OOTACAMUNO 
E3 SALEM 

E4» ANNAMALAINAGAR 
01 COCHIN 
02*K0DAIKANAL 
03 NATHAM 
04 AOIRAMAPATTINAM 
C2 KAYAMKULAM 
C3* ETTAIPURAM 
C4 MAN0APAM 
R2» TRIVAN0RUM 
tJ3 TIRUCHEN0ER 
A3 KANWYAKUMAJII 


Fig 1 Map of India showing the locations of the 21 magnetometer array stations in South India 
and the permanent magnetic observatories*. 
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the period December 1979 to March 1980. This gave us an opportunity to evaluate 
the eclipse effect on the geomagnetic field on 16 February 1980. 

Results 


With the proposed theories and observations, one would expect a dearcut decrease 
in the geomagnetic field. This effect could easily be evaluated and demonstrated, 
provided the eclipse day is quiet. Unfortunately, the day of the eclipse happened 
to be magnetically disturbed because of which it becomes difficult to isolate the eclipse 
effect. In such an eventuality one tries to study the behaviour of short-period events 
as has been done earlier (Stening et al., 1971). We also selected five geomagnetic events 
which occurred prior to the onset of the eclipse, during the eclipse, and after the 
eclipse. All the amplitudes of the events in H were normalized, with respect 
to Hyderabad—a station away from tectonically active regions and located on the edge 
of to talit y. The amplitudes in Z being very susceptible to local geology and D 
am plitudes m the region being small, these were not analysed. Fig. 2 represents the 
normalized values at six stations situated on either side of the path of totality. To 
ampWirft the observed effect, we also computed the complex demodulation (Banks, 
1975) of these variations at the six stations including Hyderabad. These results are 
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presented in Fig. 3. The use of complex demodulation is to detect the presence of a 
periodicity in a data series and to determine its frequency and phase, and 
variation of amplitude We selected 23 minutes periodicity for our analysis, which 
showed a prominent spectral peak. The solar eclipse reduction m H can be clearly 
seen in Figs. 2 and 3. 


Discussion 

Theories proposed so far predict 28 per cent decrease m the earth’s magnetic field 
variation arising from solar quiet day current system, due to a reduction m the 
ionospheric conductivity at the time of the solar eclipse These effects can be easily 
seen when the day of the solar eclipse is magnetically calm Kato (1956,1960) observed 
dearcut decreases in H for the solar eclipse in Ceylon on 20 June 1955 and at Sun- 
warrow Island on 12 October 1958 respectively. It is however observed that quiet 
conditions generally do not prevail during the occurrence of solar eclipses One has 
therefore to search for an alternative method for the study of the effect of solar eclipses 
on disturbed days. Stening et al (1971) considered the variation of short-period 
fluctuations and showed a reduction m the H amplitudes. 

The studies earned out so far used only two or three stations’ data to evaluate 
the solar eclipse effect. Chapman (1933) had also advocated that due weightage 
should be given to the internal currents induced by the external field Any anomalous 
behaviour of induced internal currents may mislead m interpreting the observed 
results An ideal way to study the solar eclipse effect is through an array of magneto¬ 
meters spread over the eclipse region. An earlier attempt by Lilley and Woods (1976) 
by an array of magnetometers in Australia for the eclipse of 23 October 1976 indicated 
the effect of the solar eclipse. But subsequent remarks by Scheepers (1978) made 
Lilley & Woods (1978) to reinterpret them observed results They have found that 
the observed effect near the path of totality was not due to the solar eclipse 

As the day of the eclipse (16 February 1980) was moderately disturbed (with 
one K r index dunng the eclipse = 6), we attempted to evaluate the effect of eclipse m 
short-period events The normalised ratio (Fig. 2) definitely indicates a fall m the 
amplitude especially at Hyderabad (99 4 per cent obscuration). To arrive at more 
conclusive results, a periodicity of around 23 minutes was subjected to complex 
demodulation From Fig 3, it can be clearly seen that a sharp fall in the amplitude of 
23 minutes periodicity around the time of the greatest phase of the eclipse, does exist 
The present study thus clearly shows that the eclipse reduces the lonosphenc 
conductivity and consequently causes a decrease in the H amplitudes of the 
geomagnetic fluctuations. 
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COMPLEX DEMODULATION OF H 
FOR INDIAN STATIONS 
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Fig 3. Complex demodulation of /f-variations (23-minute periodicity) at Indian stations during the 
solar eclipse of 16 February 1980 
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The importance of a solar eclipse for upper atmospheric studies and the great 
advantage of tnaVing in-situ measurements using rockets have been well recognis¬ 
ed. Studies conducted during the previous eclipses have brought to focus several 
important problems in D-region chemistry, mesospheric and thermospheric 
structure, the thermal balance m the ionosphere, generation of gravity waves and 
changes m the electromagnetic structure of the upper atmosphere. The solar 
eclipse of 16 February 1980 was seen at 80 per cent obscuration level over the 
Thumbs rocket range, 90 per cent obscuration level over the Snhankota range 
and was neatly total over the new Balasore range Recognising the great potential 
offered by this fortunate circumstance, the Indian scientific community set about 
organizing a consolidated rocket programme for this eclipse. The final approved 
rocket programme had of necessity to be a compromise between the scientific 
aspirations and the various practical and technological constraints such as the 
availability of rockets, indigenous scientific mstrumentation capability, the fact 
that Balasore range was still new where the facilities had to be augmented for the 
conduct of scientific experiments, and that even though the Thumba range was 
well established and used to the undertaking of scientific campaigns, the Snhan¬ 
kota range was relatively new and was not yet geared to the handling of scientific 
campaigns. 

This review gives an account of the rocket programme that was undertaken in 
India for the 16 February 1980 solar eclipse, together with the scientific objectives 
of the programmes. Several institutions m India and a few scientists from abroad 
participated in the programme A good portion of the rocket programme was 
successful and detailed results obtained from these experiments are presented m 
several contnbuted papers that follow 

Keywords: Indian Rocket Programme; Solar Eclipse; Mesospheric & Thermo, 
spheric Structure 


Introduction 

The importance of a solar eclipse for atmospheric investigations has been well 
recognised for several decades (Beynon & Brown, 1956; and Anastassiades, 1970) 
In the earth’s atmosphere, solar radiation plays a fundamental role in the 
photochemical and dynamical processes that take place, deciding the structure, 
composition and the dynamics of the atmosphere at all levels Photodissociation of 
molecular oxygen provides not only the major energy source to the atmosphere at 
altitudes above about 90km, but also produces atomic oxygen which is the precursor 
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for a large number of photochemical reactions and processes. One of the major con¬ 
sequences of oxygen photodissociation is the production of ozone which has a funda¬ 
mental role to play in the earth s atmosphere. Both atomic oxygen and ozone play 
important roles not only in the energetics of the earth’s atmosphere but also in 
atmospheric chemistry by initiating and participating in a series of photochemical 
reactions. The senes of photochemical reactions in the upper atmosphere is quite 
complex and a total solar eclipse offers a unique opportunity to study the upper 
atmosphere since m a relatively short interval of time, the solar radiation flux rapidly 
reduces to near zero values and then recovers to its original value. Since all this 
happens m a tune interval much shorter than the normal 24 hours and during 
these changes the solar zenith angle does not undergo a large variation the photo¬ 
chemical changes are much more enhanced than during the normal day-night cycle 
With the advent of in situ measuring techniques on board rockets and satellites , 
a solar eclipse has assumed an increased importance for study of the processes in the 
upper atmosphere. It has become possible to directly measure the concentrations at 
different levels in the atmosphere, not only of electrons and ions, but also malm 
measurements on various photochemically important minor atmospheric constituents 
and the detailed changes of the composition in the atmosphere. A few eclipse 
campaigns have been conducted by various groups m the past and these have yielded 
several interesting results The number of such campaigns has however been small 
Low latitude studies have a special significance due to the fact that the effect of charge 
particle incidence is small. The solar eclipse of 16 February 1980 was seen as a total 
eclipse over some parts of India and was near total over the Thumba and SHAR 
rockets ranges (Table I). With the advances made m rocket instrumentation for 
upper atmospheric studies within the country, and the availability of three rocket 
ranges under the eclipse track the scientific community in India undertook a major 
rocket campaign to study several aspects of D-region chemistry, minor neutral consti¬ 
tuents, E- and F-region irregularities, electrojet structure, and thermal structure 
of the ionosphere. 


Table I 

Details of the eclipse track over the Indian rocket ranges 


Time of first Time of max Eclipse Time of 4th 

contact (1ST) eclipse (1ST) magnitude contact (1ST) 

(max) 


Thumba 

(8°33'N, 76°52'E) 

14h 

19m 

33s 

Shar 

(13°47'N, 80°15'E) 

14h 

29m 

50s 

Balasore 

(21°30'N, 86°56'E) 

14h 

44m 

20s 


15h 

39m 

51s 

802% 

16h 

49m 

55s 

15h 

47m 

34s 

90 9% 

16h 

55m 

44s 

15h 

56m 

14s 

97.6% 

16h 

59m 

50s 
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Scientific Objectives of the Rocket Programme 
D-Region Chemistry 

Electron Loss Coefficient if and * B NJNe Variations During an Eclipse • 
Previous eclipse studies (Ex Nov 1966 eclipse over Cassino, Brazil) have showu 
that the D-region electron densities decrease rapidly during an eclipse The observed 
decreases require electron loss coefficients that are roughly ten times larger than 
the values estimated from other considerations (Belrose et al, 1972, and Mechtly 
et al, 1972) Measurement of positive ion densities during an eclipse, however, do not 
show an equally rapid decrease. It, therefore, appears that the negative ion to electron 
ratio A -» N-/N, changes during an eclipse Large values of A could lead to 
large values of the electron loss coefficient since <!• = (1 4* A) («£, + A a ( ) 
where <*-d “ dissociative recombination coefficient for electrons and «» **= electron 
atfetcTimftttt. loss coefficient Simultaneous measurement of positive ion density and 
electron density during the eclipse were proposed to determine the actual values of 
A during the eclipse 

Mesospheric Structure' There have been several attempts in the past to study 
the variations m atmospheric structure-densities and temperatures during an eclipse. 
At altitudes below about 80km the time constants of the atmosphere are large when 
compared to the eclipse duration. No significant variations m mesospheric structure 
are expected. However, ion composition measurements made during previous eclipses 
have given some surprising results. 

The normal D-region ion composition is characterised by the dominance of water 
cluster ions below a certain level and the sudden transition from the cluster ions to 
molecular ions 0 2 + and NO* above this level This level is near 82km for normal 
daytime conditions and 87km for night time conditions The ion composition varies 
during an eclipse in a manner similar to that from day to night ((Narcisi et al, 1969) 
The reacton schemes that convert 0 2 + and NO + into clusters are heavily tem¬ 
perature-dependent The temperature dependence could be as large as T 6 
(Chakrabarty & Chakrabarty, 1980). The large temperature gradient in the 80km 
(mesopause) region is used to explain the observed sudden transition from molecular 
ions to cluster ions under normal conditons Changes in mesopause height and 
temperatures are considered to be responsible for the observed day to night changes 
in the transition level The eclipse results of Narcisi et al (1969) suggest that during 
the eclipse the mesospheric temperatures undergo a variation similar to that from 
day to night This intriguing aspect needs further investigation An investigation of 
the mesospheric temperature variations during an eclipse was undertaken as part 
of the 16 February solar eclipse campaign Measurements using both the Russian 
meteorological payloads as well as Lyman alpha absorption measurements to obtain 
(^-concentration profiles and scale heights m the mesosphere 

Ozone Concentration Profiles. Ozone is an important minor constituent m the 
earth’s upper atmosphere which is produced by the incidence of solar radiation 
on the atmosphere However, the photochemistry at stratospheric and mesospheric 
altitudes which determines the equilibrium ozone concentrations is quite complex 
It is well realised that at lower altitudes the photochemical time constants are large 
and the equilibrium ozone concentrations are determined by dynamical processes 
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It is expected that at some altitude above about 40km photochemistry begins to 
dominate In view of the fact that the photochemical schemes have been frequently 
revised m the past decade, it was considered fruitful to determine experimentally 
the ozone concentration profiles at different times during the eclipse and determine 
the level at which the photochemical time constant becomes comparable to the eclipse 
duration. A few measurements made during previous eclipses have yielded conflicting 
results and no definite conclusions could be drawn from these previous attempts 

Dynamical Effects in the E- and F-Region 

E-Region Irregularities The 1966 Brazilian eclipse was observed to punch a hole 
m thei onosphere at the ^-region altitudes. Subsequently, the hole was observed to 
drift vertically upwards with a velocity of 50m per second (Rishbeth, 1970) Whereas 
the direction of this drift is the same as the normal daytime drift which produces 
the equatorial anomaly, the magnitude is large, larger by about 60 per cent This 
suggests an enhancement of the low latitude electric fields during an eclipse. The 
reduced electron density during an eclipse should produce a reduction in 
conductivity. If electric currents are conserved, this would result in a localised enhance¬ 
ment of electric fields. Whereas direct measurement of equatorial electric filing by 
in situ probes is difficult, it should be possible to test this hypothesis by making 
measurements on the amplitude and spectrum of the electron density irregularities 
observed in the electrojet region The local time of the eclipse was such that under 
normal conditions the electric fields are small and the two stream irregularities are 
not tnggered (Prakash et al, 1980). If there is an enhancement in electnc fields, such 
irregularities could be triggered. A programme of flying a magnetometer to measure 
the electrojet currents, an HF probe to measure the absolute value of electron densities 
in the E-region and a high frequency response Langmuir probe during the eclipse was 
undertaken to study the ambient electron density irregularities, their amplitudes 
and spectrum for exploring the possibility of enhancement of electnc fields The 
backscatter radar operating at Thumba would also give information on the electrojet 
irregularities and electric fields during the eclipse 

Triggering of F-Region Irregularities Spread-F is hypothesised to be tnggered 
by the supersonic disturbances created in the medium by sunset (Klostermeyer, 1978) 
A total solar eclipse should also play a similar role The fact that Spread-F has not 
been reported on lonograms during an eclipse could be related to the time constants 
involved—the growth and decay rates of the irregularities After sunset, photoiom- 
sation continues to be absent and recombination effects prevail, while after the 
eclipse there is a recovery Further, the groundbased lonosonde traditionally used to 
recognise Spread-F is sensitive only to a certain class of ionisation irregularities In-situ 
measurements with a high frequency response Langmuir probe would enable a study 
of a much wider spectrum of irregularities and with greater sensitiveness than a 
groundbased lonosonde It was, therefore, proposed to fly a high frequency response 
Langmuir probe on an RH-560 rocket from SHAR to detect the possible triggering 
of ionisation irregularities during an eclipse. 

Generation of Gravity Waves It has been theoretically predicted that the transient 
nature of the solar radiation obscuration during an eclipse should generate gravity 
waves in the upper atmosphere (Chunonas & Hines, 1974) There is indirect evidence 
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to this effect in the travelling ionospheric disturbances detected at F-region heights 
from beacon studies and other ground based observations during some of the eclipses. 
Direct observational evidence for the same is, however, lacking It was, therefore, 
proposed to make an attempt to test the hypothesis by direct measurements of winds 
m die upper atmosphere using the vapour release technique during the aftermath 
of an eclipse 

Thermospheric Studies 

Electron Heating and Cooling Rates. Incoherent scatter radar studies of the 
thermal structure of.the ionosphere during a solar eclipse showed a complex behaviour. 
Decrease in photoionisation during a solar eclipse results in a decrease m photo¬ 
electron flux and consequently a decreased heat input to the ambient electrons The 
effect is drastic in the 150-200km region where T,/T t values were seen to decrease 
from the normal value of 2 to about 1.2 (Evans, 1965). This temperature decrease 
should have significant after-effects m the ionospheric structure such as enhanced 
diffusion from the topside. At low latitudes a thermal balance exists between the heat 
input to the ambient electrons by the suprathermal photo-electrons that are produced 
during ionisation of the atmospheric gas by solar radiation, and the heat loss due to 
collisional cooling of the heated electrons with neutrals This situation is valid for all 
heights below about 400km (Geisler & Bowhill, 1965) and determines the equilibrium 
thermal structure of the ionosphere. Observations at low latitude should therefore 
enable a good check on the present day knowledge of the electron cooling rates in 
the ionosphere. 

A programme was undertaken to make detailed measurements of the ionospheric 
structure during the eclipse by means of RH-560 rockets capable of reaching altitudes 
of about 350km. Measurements of electron density, electron temperature, ion tem¬ 
perature, suprathermal fluxes as well as measurements of positive ion composition 
were planned with Langmuir probe, electron temperature probe, ion trap, retarding 
potential analyser and ion mass spectrometer to make detailed calculations of ion 
chemistry as well as electron heating and cooling rates Mass spectrometnc measure¬ 
ments of ion composition were also expected to yield information on nitric oxide 
concentrations in the lower thermosphere. An experiment for measurements of nitric 
oxide concentrations in the mesosphere and lower thermosphere based on 
fluorescence measurements in the y-bands was also planned m collaboration with 
the University of Tokyo as a supporting experiment on one of the succeeding 
days. 


Rocket Programme for the Solar Eclipse of 16 February 1980 

To achieve the above scientific objectives, the following rocket programme was 
undertaken* 

Thumba I. Centaur HB rockets 

D-region studies, electrojet associated phenomena 
gravity wave generation 
II M-100 B rockets. 

Meteorological parameters. 
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Shar 

RH-560 rockets 


Thermospheric studies—Composition. 

Thermal structure, Ionospheric irregularities. 

Balasore : 

RH-200 


Positive Ion densities in the stratosphere and 
mesosphere. 


Details of the launching programme and the instrumentation used as well as the 
participating organisations are shown m Table II 

Table II 

Rocket launching programme 
A. Thumba (8.5°N, 77°E) 

I. D-Region rockets 

Centaur 05 60 D1 16 February 1980 1454hrIST 40% obscuration 

„ 05 61 D2 16 February 1980 1522hr 1ST 70% obscuration 

„ 05 64 D3 17 February 1980 1522hr 1ST Certification 


Payloads 

Parameter measured Organisation 

Scientists In-charge 

Gerdien Condenser 

Total Positive Ion density N+ 

NFL 

DrM. N M Rao 

Propagation experiment 

Electron density Ne 

NFL 

Dr Y V. Somayajulu 

Langmtnr probe 

Electron density profile and fine 
structure in electron density 
(Plasma instability) Ne Ne Ne 

PRL 

DrS P. Gupta, 

Dr D. K. Chakrabarty 

UV Photometer 

Lyman alpha flux 

O a concentrations 

PRL 

DrB H Subbaiaya, 
Mr Shyam Lai 

MUV Photometer 

Ozone concentrations. 
Atmospheric Scattering in UV 

PRL 

DrB H Subbaraya, 
Mr Shyam Lai 

Electrojet Studies 

Centaur 05 62 

16 February 1980 1522hr 


near maximum 
obscuration 

Rb. magnetometer 

Electrojet currents 

PRL 

Dr T. S G Sastry 

HF probe 

Electron density 

vssc 

DrY.V Somayajulu 


(Rocket flight had to be cancelled due to last minute Launcher problems) 
III Vapour Release 


Centaur 05 63 

16 February 1980 1852hr 


evening twilight 

Ba/Li vapour 

Neutral atmospheric winds and 
wind shears Gravity waves 
generated by the eclipse and 
electric field measurements 

PRL- 

VSSC 

Dr R. Raghavarao 

Dr J N Desai 

Mr V. Babu 

IV Centaur 05 65 

17 February 1980 

Morning twilight. 

NO bands 

Nitric Oxide concentrations 

UTK, 

Japan 

Dr Ogawa 

Lyman alpha 
Photometer. 

Lyman alpha flux and O a 
concentrations 

NPL 

DrY V Somayajulu 

Ozone Photometer 

Ozone concentration 
measurements 

NPL 

DrS Sampath 

Mr A Banerjee 

Table Contd. 
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V. M-100B 

08 507 
08 508 

Standard USSR Met. payload 
Meteorological parameters 


16 February 1980 1250hr 

„ 1640hr 


Dr A. V. Fedynski, USSR. 
DrV Narayanan, VSSC 


B SHAR (13 75°N, 85 25°E) 


Thermospheric and F-Region Studies 


Rtf-560 

F-14 16 February 1980 1425hr 1ST 

F-15 „ 1545hr 1ST 


Control flight. 

near maximum obscuration (90 per cent) 


Payloads 


Parameters measured Institution 


Scientists In-charge 


Langmuir probe 


Electron temperature probe 

Ion trap 

RPA 

Ion Mass-Spectrometer 


Electron density profile. 
Fine structure plasma 
instabilities 
Te 

Ni, Ti 

Supra thermal flux 
Positive Ion Composition 


PRL Dr S P. Gupta 


UTK, Japan Professor Hirao 
NPL DrBCN.Rao 

NPL DrY V Somayajulu 

PRL Dr J S Shirke 

MrR Sndharan 


Rocket F-15 malfunctioned at take-off and had to be command destructed. 
Only the control flight was successful and gave some data 


C. Balasore (21°30'N, 86°56'E) 


RH-200 — 2 Nos 

One on 16 February 1980 near totality 
Second on 17 February 1980 Certification flight 

Payload Gerdien condenser — NPL — Dr M. N M Rao 

The flight on the eclipse day was not successful 
Only the certification flight was successful 


Solar and Geophysical Data 

The solaT eclipse occurred under disturbed Geophysical conditions There was a 
major geomagnetic storm with a sudden commencement at 0309hr UT on 14 February 
1980 ending at 0315hr UT on 15 February 1980 This was followed by a second 
sudden commencement at 1230hr UT of 15 February 1980 and ending at 2200hr 
on 16 February 1980 The eclipse, therefore, occurred during the recovery phase 
of the storm The solar and geophysical parameters for 16 February 1980 taken from 
the Solar and Geophysical Data issued by NOAA, USA are given below 

A p = 40 E K v — 37+ 

Sunspot No ™ 163 Fio 7 = 200 2 

The fact that the eclipse occurred under such disturbed conditions has made the 
interpretation of the data somewhat difficult to separate out the genuine eclipse effect 
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from that due to the storm While a consolidation of the results from the various 
experiments that were successful is yet to be done, preliminary 0 f most 

of the results were presented dunng the Delhi symposium. These will appear as several 
contributed papers m this issue. 
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STRATOSPHERIC AND MESOSPHERIC WINDS OVER THUMBA 
DURING THE SOLAR ECLIPSE OF 16 FEBRUARY 1980 

K. S. Appu andV. Narayanan 

Meteorological Section, TERLSIVSSC, Trivandrum-695 022, India 
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During the solar eclipse of 16 February 1980, two M-100 rockets wore launched 
from Thumba (8°32'N, 76°52'E) to study the edipse effects on the equatorial 
stratospheric and mesospheric winds. The first launching was during pre-eclipse 
phase and the other was at the end phase of the eclipse This study reveals that 
the solar eclipse makes no significant effect on both the zonal aryl mendional 
winds in the stratosphere and mesosphere over Thumba. 

Keywords: Zonal Wind; Meridional Wind Circulation 

Introduction 

Studies on the response of the neutral atmosphere to the solar eclipse are very few. 
Earlier, rocket experiments were conducted using small meteorological rockets reach¬ 
ing a maximum altitude of about 60km in the eastern hemisphere (Ballard et al., 
1969, Quiroz & Henry, 1973; and Randhawa, 1974) Wind observations in the 80- 
100km region were made in South Antarctica using partial reflection method during 
the total solar eclipse of 23 October 1976 (Ball et al, 1976) Different results are 
reported from these experiments on the wind circulation during solar eclipse 

In the mendional flow, while strong increase was observed around 58km at 
Wallops Island (Quiroz & Henry, 1973), no change was observed at Fort Sherman 
(Randhawa, 1974) At Fort Sherman, zonal wind flow had undergone a change from 
15m/s before the eclipse to 9m/s near the maximum phase Ball et al, have concluded 
that eclipse did not produce any wind vanations in the 80-100km region in sufficient 
magnitude to stand out from the naturally occurring wind variations. 

The solar eclipse of 16 February 1980 gave an opportunity for the first time, to 
study the effect of solar eclipse on the neutral atmosphere over India During this 
day two M-100B rockets were launched from Thumba. M-100B rockets are being 
launched regularly on Wednesdays from Thumba as a part of the Indo-Soviet colla¬ 
borative programme on the studies of upper atmosphere. In this paper, stratospheric 
and mesospheric wind circulations obtained from the two special M-100B rocket 
soundings during the solar eclipse are discussed 

Experiment 

At Thumba, the times of first contact, maximum phase and last contact were at 
1420hr, 1540hr and 1650hr 1ST respectively The maximum obscuration was 80 per 
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cent. The details of the two M-100B rocket experiments are given m Table-L As there 
were other rocket soundings for ionospheric observations, the second M-100B rocket 
launching could be conducted only at the end phase of eclipse In the M-100B rocket 
system, wind measurements are made by radar tracking of parachute for the region 


Table I 

Details of the two M-100B rocket launchings conducted during the solar echpse 
of 16 February 1980 at Thumba 


Tiiyia 



Data available region (km) 



(hrs. 1ST) 


Parachute wind 


Chaff wind 


from 

to 

Obscuration 

(%) 

from 

to 

Obscuration 

(%) 

1253 

60 

21 

— 

76 

65 

_ 

1635 

60 

22 

16-8 

78 

65 

17-10 


below 60km and fibre glass chaff cloud for the 60-80km region On the control day 
the chaff data obtained only above 65km The wind measurement errors are 5m/s 
below 50km and lOm/s in the 60-80km region. The published wind data by 
the Central Aerological Observatory, USSR, have been utilised for the study. 

Results 

Fig. 1 depicts the wind profiles obtained from the launchings As the changes m 
the circulation include the naturally occurring diurnal vanations within the 4 hour 
period and eclipse induced effects, if any, the eclipse day data have been compared 
with the normal day changes m order to delineate the echpse effect On 10 April 1980 
there were two M-100B rocket flights at 1130hr 1ST and 1530 hr 1ST, almost at the 
same intervals and timings as on the eclipse day Data are available upto 40km on the 
1530 flight The stratospheric and mesospheric circulation during February through 
April 1980 was showing the typical spring circulation pattern The stratosphenc wind 
reversals took place during May only So this day has been considered as the control 
day. 

The deviations m zonal and meridional components (second observations 
minus first observations) have been found for the normal day and the echpse day 
Fig 2 represents the vertical profiles of these deviations Generally the wind vanations 
observed on both the days are identical So the weakening zonal flow and 
the strengthening of meridional flow observed on the echpse day (Fig 1) is a part of 
the diurnal circulation occurring m the afternoon during the 4 hour period. 

M-100B rocket data are highly smoothed one The spatial window above 50km 
is of the order of 5km So the variations in a layer within this range cnnot be consi-a 
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WIND COMPONENTS (MPS) 

Fig 1 Vertical wind profiles of meridional and zonal components on the eclipse day Dashed line 
for 1253hrs 1ST launching and solid line for the 1635hr 1ST launching Error bars are base 
on the measurements at different altitudes 


dered as real The range of day-to-day variations in wind above 50-80km observed 
at Thumba is of the order of 10-20m/s (Narayanan, 1977) and the diurnal variation 
is 10-15m/s (Sasi & Reddy, 1977). The disparity m the meridional component 
observed at 50km (Fig 2) cannot be treated as real variations caused by solar eclipse 
Hence, considering the errors m the measurements and range of day-to-day variations 
as well as the vertical spatial window m the computations m the stratospheric and 
mesospheric region, the difference found between the two days (the eclipse day and 
control day) cannot be attributed confidently to real changes due to the eclipse 

Concluding Remarks 

There are two limitations for the present study, (i) m M-100 rocket system small 
scale variations of the order of 5-10m/s cannot be considered as it falls in the range 
of inherent measurement error (n) there is only one observation during the eclipse 
and that too towards the end phase Giving due consideration for the above limita¬ 
tions, it is tentatively concluded that the eclipse, during the end phase, makes no 
significant effect on both zonal and meridional winds in the equatorial stratosphere 
and mesosphere 
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Fig 2 Vertical profiles of the deviations in meridional (aF) and zonal (a U) components. On the 
control day data is available up to 40km only 


Acknowledgements 

We are grateful to the State Committee of Hydrometeorology & Natural Resources 
Control (SCHNRC) of Moscow, for allotting two M-100B rockets for the solar eclipse 
study at Thumba Thanks are also due to Dr C A Reddy and Dr V Krishnamurthy, 
Space Physics Division, Vikram Sarabhai Space Centre, for the valuable discussions. 

References 

Ball, S M, Stubbs, T J, and Vincent, R A (1980) Upper atmosphere wind observations over 
southern Australia during the total solar eclipse of 23 October 1976. J. atm . ten. JPhys , 
42, 21-25 

Ballard, N N., Valenzuela, R , Isquerdo, M, Randhawa, J S, Morla, R., Bottle, J R (1969) Solar 
eclipse* temperature, wind and ozone in the stratosphere J geophvs. Res, 74, 711-712 
Narayanan, V (1977) Preliminary results of the M-100 rocket diurnal launchings from Thumba. 

Space Sciences Symposium, January 18-21, 1977, VSSC, Trivandrum 
Quiroz, R S , and Henry, R M (1973) Stratospheric cooling and perturbations of the meridional 
flow during the solar eclipse of 7 March 1970 J atm Set, 30, 480-488 
Randhawa, J S (1974) Partial solar eclipse on temperature and wind m an equatorial atmosphere 
J geophys Res, 79, 5052r-5053 

Sasi, M N, and Reddy, C A (1977) A semi-empencal method for the study of diurnal and semi¬ 
diurnal oscillations in the rocket measured atmospheric winds and temperatures. Indian J. 
Rad Space Phys, 6, 274-278. 






® Proc. Indian natn Set. Acad., 48, A, Supplement No. 3,1982, pp 506-510 
Printed In India. 

Rocket and Balloon Experiment 

THERMAL STRUCTURE OF THE ATMOSPHERE—SURFACE TO 
MESOSPHERE—DURING THE SOLAR ECLIPSE OF 16 FEBRUARY 

1980 
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Temperature measurements were made from surface to 80km altitude by balloons 
and M-100 rockets from Trivandrum (8°33'N, 76°57'E) before and during the 
solar eclipse of 16 February 1980. Analysis of the data show cooling near strato- 
pause level and above, and warming m the lower stratosphere Wanning was also 
observed around 15km altitude. Balloon temperature measurements from 
Hyderabad showed a systematic cooling from 3 to 20km altitude. 

Keywords: Atmospheric Thermal Structure; Mesosphere; Solar Eclipse; 
Stratopause 


Introduction 

At Trivandrum (8°33'N, 76°57'E) temperature measurements from surface to 
80km altitude were made during the total solar eclipse of 16 February 1980 which 
crossed the Indian subcontinent. At Trivandrum, the fractional area of the sun’s disc 
covered at the maximum phase of the eclipse was 0.80. 

Two M-100 rockets were launched on the day of eclipse, one before the eclipse 
at 1253hr 1ST and other during the eclipse at 1635hr Using Rhenium-Tungsten 
wire as the temperature sensor, vertical temperature distributions were obtained 
from 21km to 80km 

Meteorological balloons were launched by Indian Meteorological Department 
as per our schedule from Hyderabad (17°23'N, 78°29'E) and Trivandrum The 
detailed scheduled of balloon and M-100 rocket flights along with areas of the sun’s 
disc covered are given m Table I 

Results and Discussion 


(a) Rocket Observations 

Fig. 1 shows the two vertical temperature profiles obtained from the two launch¬ 
ings on the day of the eclipse The mam observed features are the following — 
i) Warming in 24 to 34km altitude region with maximum of 10 °C at 30km; 

») Cooling above 38km with maximum cooling of 14 °C at around 58km 

On 10 April 1980 there were two M-100 rocket launchings at 1130hr and 1534hr 
1ST. As the observation time and the interval between the launchings on 10 April 1980 
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Date/Tune 

M-100 rockets 

Balloons 

(hr) 

Altitude range 
(km) 

Obscuration 

(%) 

Altitude range 
(km) 

Obscuration 

(%) 

Trivandrum 

15.2.80/1455 



0-25 


162.80/1215 

— 

— 

0-22 


„ /1253 

21 to 76 

— 



„ /1530 

— 

— 

0-22 

79-67 

„ /1635 

21 to 76 

17-8 

— 


Hyderabad 

16 2 80/1230 

— 

— 

0-24 


„ /1530 


—— 

0-24 

98-77 



-60 -40 -20 -80 -60 -40 -20 

T ( # C) 


Ro 1 Vertical temperature profiles obtained from M-100B rocket launchings on 16 21980 and 
10 4 1980 from Trivandrum 

were almost the same as on the day of eclipse, those temperature profiles have been 
taken as reference to represent the amplitude of diurnal variation in the 4 hour 
interval 10 April 1980 temperature profiles are also plotted m Fig 1 For both the 
days ie., 10 April 1980 and 16 February 1980, the temperature deviation (AT) 
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between the observations (1530-1130hr) have been computed and axe plotted in Fig. 2 
as AT-height profiles. On 10 April 1980 data are available only above 40km altitude. 
A best-fit curve for the AT profile of eclipse day has been obtained and shown in the 
figure. A general cooling trend is clearly observed on that day above 38km altitude, 



Flo. 2 Vertical profiles of the temperature deviations (rockets) 

whereas on 10 April no such trend is found The experiments conducted at Wallops 
Island during the total solar eclipse of 1970 (Quiroz & Henry, 1973) and partial solar 
eclipse at Fort Sherman in 1973 (Randhawa, 1974) have also revealed similar features 
like cooling near the stratopause level and warming by a few degrees near the end 
phase of the eclipse m a restricted layer m the lower stratosphere 

As our rocket observations were made during the last phase of the eclipse the 
extent of cooling during the maximum phase could not be obtained The cooling 
observed m the temperature profile near stratopause region during the eclipse launch 
is as expected The warming m the lower stratospheric region could be explained in 
terms of subsidence phenomenon due to a high degree of cooling around stratopause 
region. However, the extent of warming due to subsidence could not be estimated 
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as the extent of cooling near stratopause during the ma.Timnn? phase of the eclipse 
is not known. * 

(b) Balloon Observations * 

The difference between the temperature profiles obtained from balloon 
during the eclipse and pre-eclipse periods are plotted in Fig. 3 The differences are 
plotted for both Trivandrum and Hyderabad. The data are available upto the altitude 
of 22km for Trivandrum and 24 km for Hyderabad. At Trivandrum no 
deviation m temperature is seen upto the altitude of 11km. But a significant w anning 



Fio 3 Vertical profiles of the temperature deviations (balloons) 

is observed in 11 to 17km altitude region Maximum warming is found to be of the 
order of 5 °C at 13km altitude, whereas at Hyderabad, as shown m Fig 3, a systematic 
cooling from 3 to 20km altitude is observed In Fig 4, the difference between the 
temperature obtained from balloon flights of 16 February at 1500hr 1ST and that 
of the previous day at around the same time are plotted It is interesting to note that 
the same amount of warming is noticed at 13km altitude on the day of eclipse This 
confirms warming at 13km altitude region during the eclipse. No attempt is made 
here to explain the disparity observed in the temperatures at Trivandrum and Hydera- 
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AT(*K) 

Flo. 4. Vertical profiles of the temperature deviations (balloons). 


bad m the altitude region of 11 to 17km However, it may be noted here that the 
eclipse was 80 per cent at Trivandrum whereas it was total at Hyderabad. 

Though the temperature profiles obtained from M-100 rockets and balloon 
flights are available for some overlapping altitude regions, they cannot be compared 
as the flights are during the dilferent phases of the eclipse. 
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Three rocket flights were conducted from Thumba, India, at the geomagnetic 
equator as part of solar eclipse campaign of 16 February 1980 Each of the pay* 
loads included a propagation experiment to measure electron density by the 
absorption technique. In this paper, results obtained from two of the flights, one 
during the eclipse when obscuration was 70 per cent and other during normal time 
conditions but similar to eclipse time flight are presented It has been found that 
electron density values during eclipse are in general low compared to normal 
time values. The difference being by about a factor of 2 at the height of minimum 
and by a factor of 2 7 at 90km The effective values of electron loss coefficients as 
derived from electron density values are found to be almost same as the normal 
time values particularly m the cluster ions dominated region 

Keywords: Rocket Experiment; Lower Ionosphere; Electron Density; Electron 
Loss Coefficient; Solar Eclipse 


Introduction 

Three Centaure-II rockets were flown from Thumba, India (8°32'N, 76°57 r E) as 
part of a campaign to study the effect of solar eclipse on the lower ionosphere Each 
of the payloads included a propagation experiment to measure electron density by 
the absorption technique The objective in carrying out this experiment was to deduce 
the electron loss coefficient in addition to study the change in electron concentration. 
The details of these flights are given m Table I The third flight D3 conducted on 
17 February 1980 was the control flight, representing normal full sun condition at 
the time of the D2 flight during the solar eclipse Unfortunately due to technical 
problem, no useful data could be obtained from the first flight during eclipse, there¬ 
fore m this paper results obtained from two rocket flights, one during the eclipse 
before the second contact and other from the control flights are presented. 

Experimental Details & Data Analysis 

The propagation experiment consisted m generating the ordinary and extraordinary 
modes alternatively on the ground using CW transmitter on two frequencies 1865 
and 2610kHz, the signals were received on the rocket and amplitude of the charac- 
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Table I 

Details of the rocket flights conducted from Thuniba as part of solar eclipse campaign 


Flight No. Date Time Solar Percentage 

1ST Zenith obscuration 

Angle X during 
eclipse 


ISRO 5 60/DI 

16 February 1980 

1454 

4055° 

40.2 

ISRO 5 61/D2 

»» 

1522 

46.6° 

70.5 

ISRO 5.64/D3 

17 February 1980 

1522 

46.7° 

— 


tenstic waves received were telemetered to the ground. The ionospheric absorption 
suffered by the two modes respectively during passage through the ionosphere was 
derived from the variation of amplitude with rocket altitude. The experimental 
arrangement was such that the waves were propagated transverse to the geomagnetic 
field i.e., the transverse propagation; under these conditions at the equator, the two 
characteristic waves are linearly polarized. 

The total absorption suffered thus deduced as a function of altitude was used 
to derive the ionospheric absorption by taking into account the contribution of free 
space absorption which is assumed to be zero at a reference altitude of 55km where 
ionospheric contribution to the total absorption is expected to be the least The 
electron density values were then determined using generalized Sen and Wyller (1960) 
formulae. The details of the method are already described elsewhere (Somayajulu 
et al, 1971). For collision frequency, a model based on Phelps (1960) was used 

v i»“9x 10 7 P Sec” 1 where P is the pressure in mm of Hg 
For pressure, values based on CIRA (1972) model were used 

Results and Discussion 

The electron density profiles derived from the data for the two rocket flights, one 
during the eclipse D2 and other from the control flights D3 are shown in Fig 1 The 
estimated error limits of electron density are also shown in the same figure. These 
limits are based mainly on the scatter observed in the raw data inclusive of scaling 
errors. Quantitatively, the total errors in the measurement are estimated to be about 
15 per cent in the altitude region 70-85km Above this region, the accuracy in the 
measurement decreases with possibility of errors as large as 20 per cent at 90km. 

It may be seen that the profile D3 obtained from the control flight reproduces 
the main features of a typical daytime electron density profile namely a gradual 
increase m the altitude region 70 to about 80km, a minimum or valley around 80km 
and a sharp increase above this altitude see, for example Somayajulu et al (1973) 
The electron density profile as obtained from D2 flight during eclipse shows an 
expected decrease in concentration, the difference being by a factor of 2 at the height 
of minimum and by about a factor of 2 7 at 90km Also no appreciable rhany m 
the height of minimum during eclipse was found compared to normal tnn" value 
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Fig 1 Electron density profiles as a function of altitude obtained from propagation experiment 
during normal and eclipse time (70 per cent obscuration) 

This may be due to the fact that these observations were carried out during the eclipse 
when obscuration was only 70 per cent compared to those for totality in which case 
an upward shift in the height of minimum was observed in the range, 1 5 to 4.5km 
(Mechtly et al, 1972). 

The observed profiles are then utilized to derive the effective values of electron 
loss coefficient For the normal time flight, equilibrium conditions were assumed 
In the altitude region above 70km, where contribution from negative ions is negligi¬ 
ble; the mam loss mechanism is dissociative recombination with positive ions There¬ 
fore, an a-type of loss mechanism was considered and effective loss rate is taken as 
qJNe 2 where q is the production rate 

For the eclipse time conditions where due to partial or full cut-off of solar ionizing 
radiations, the production of electron decreases and hence, the equilibrium conditions 
cannot be assumed In such a case, to determine «eir one should have an idea about 
the rate of change of electron density with time l e, dNjdt term However, due to 
non-availability of data during the earlier phase of the eclipse, the elctron values 
for D3 were reduced to those for the first contact on the assumptions (l) Equilibrium 
conditions at this time of first contact also exist (n) Cos X variation for the production 
rate i e, qt *= q u Cos t The day to day variability in electron density in the D-region 
is small (Mitra & Somayajulu, 1979) Although the eclipse day and the day before 
were magnetically disturbed days with A v values 40 and 33 respectively, the variations 
m electron density m the low latitude D-region are expected to be small Belrose et al 
(1969) have shown that it takes 3 to 4 days for the effect of large geomagnetic dis¬ 
turbance with A„ values ranging between 40 and 60, to propagate from high latitudes 
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to midlatitudes. Accordingly for A p values less than 40 as were observed for eclipse 
and preeclipse days, the effect of magnetic disturbance if at all any on the D-region 
io nizatio n should take more than 4 days to propagate to low latitude region and 
hence can be neglected in the present case 

Next consider the continuity equation for electrons as 


dN 

dt 


9 


- VNe 2 


.. ( 1 ) 


where «= («eer + A «<) (1+A) where a< is the ion-ion recombination rate and A is 
the negative ions to electron density ratio. 


For total eclipse conditions, it is believed that the negative ion concentration 
increases may be due to the absence of photodetachment process Chakrabarty and 
Mitra (1973) from theoretical considerations have shown that for total eclipse condi¬ 
tion A does not change much when only q term in continuity equation is changed. 
The values of A they had obtained were 1 4 and 4.4 X 10 -2 at 70 and 80km respectively. 
However, if q is changed and the lumped detachment rate y which takes into account 
the contributions from collisional as well as photodetachment from negative ions 
is taken equal to zero, the value of A increases by an order of magnitude with values 
as high as 7.7 x 10 _1 at 70km and 4.2 x 10~ 2 at 80km respectively. 

The other important term contributing to the acfr values as determined from 
equation (1) is production term q This term was calculated as follows taking into 
account contribution from various ionization sources. 


1. Cosmic ray ionization of major neutral constituents. These rates were com¬ 
puted using CIRA (1972) model for major neutral constituents and consider¬ 
ing formula as given by Velmov (1968) 

2. Lyman-a ionizing minor neutral constituent mtno oxide For the concentra¬ 
tion of this constituent, we have taken an estimated profile of Mitra and 
Somayajulu (1979) which is based on rocket measurements from Thumba 
and satisfy the electron density and other constraints For lyman-a flux, a 
value of 4 0 ergs/cm 2 sec was adopted 

3. X-ray ionization of major neutral constituents m the wavelength band 1-8A 
The integrated flux value in this wavelength band is available from satellite 
measurements (Solar Geophysical Data, 1980) corresponding to the time of 
flight of D2 and the same was adopted in this study Due to non-availability 
of data from satellite measurements at the time of D3 flight, a typical value 
of X-ray flux of 1 x 10 -s ergs/cm sec was considered. These integrated flux 
values were resolved in a spectrum of individual wavelengths assuming the 
sun to be a grey body The variation of production rates for eclipse time is 
assumed proportional to the visible portion of the solar disc 

Ionization of 0 2 1 Ag by solar radiations in the band 1027—1118A can also 
contribute to the total production rate though the contribution is small due to absorp¬ 
tion of these radiations by carbon dioxide. 

The production rates thus computed due to cosmic rays, Lyman-a, X-rays, for 
0 2 *Ag and total production rates as a function of altitude are shown m Fig 2. 
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Fig. 2. Production rate profiles due to various sources of ionization both for normal and eclipse 
time conditions. 


The variation of production rates for eclipse time is assumed proportional to the 
visible portion of the solar disc 

The profiles of a e fr thus derived are shown in Fig 3 For comparison the oceff 
profiles obtained by other workers and normal time (Aikm et al , 1972; Rowe, 1972, 
Johannessen, 1974, and Chakrabarty et al , 1978) and eclipse time (Mechtly et al, 
1972) are also shown in the same figure. 

It may be seen that the effective value of loss coefficient practically remains 
constant with a value 5 8 X 10" 6 cm 3 sec -1 upto about 80km, the region m which 
heavy clusters of positive ions dominate Above this altitude the &eff values show a 
sharp decrease right upto 90km reaching a value of about 2 5 x 10“ 7 which is close to 
the recommendation coefficient of NO* and 0 2 + ions dominating this region The 
actual value of effective loss coefficient m this region m fact is controlled by the 
ratio [N0 + ]/[0 2 + J 

The comparison of normal time profile of aeff for D3 with those obtained by 
other workers show in general good agreement both qualitatively as well as quanti- 
tively. It may be seen that the derived profile in the cluster ions dominated region is 
within the range of aeff values suggested by Aikm et al (1972) and close to those 
obtained by Johannessen (1974) from ion composition data 

Comparison of eclipse time values derived from D2 data with those for normal 
time (D3) show that values for aeff are more or less the same below 85km while 
above this altitude, the eclipse time values show increasing trend with the maximum 
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Fio 3. Electron loss coefficient as a function of altitude derived from electron density 
observations. For comparison, profiles for normal and eclipse time due to other workers are 
also included 

difference by a factor of 2.5 at 90km. It is felt that this difference could possibly be 
due to difference in [N0 + ]/l0 2 + ] ratio arising probably due to different X-ray flux 
on two days. 

Mechtly et al (1972) from their measurements during the total solar eclipse of 

7 March 1970 had seen a virtual collapse of the D-region during totality. The profile 
of owr derived by them show a sharp ledge around 82 5km Below this ledge, the o«ff 
values show an increasing trend and become as high as by an order of magnitude 
contrary to normal time values or eclipse time values as obtained in this study Such 
high values of atfr cannot be explained even theoretically. In fact, Mechtly et al 
(1972) themselves felt that their a estimated values of aeff are large by a factor of 

8 or 10; probably as a result of equating the concentration of a single positive ion with 
the electron concentration rather than including more than one positive ion It is, 
therefore, suggested to repeat such measurement in future eclipses 

Conclusion 

From the measurement of electron density values m the lower ionosphere during 
eclipse and normal time under similar conditions, it has been found that 

i) Electron density values during eclipse with 70 per cent obscuration are in 
general low compared to normal time values by about a factor of 2 at the 
height of minimum and by a factor of 2.7 at 90km 
u) The effective values of electron loss coefficient ctett for the eclipse time were 
found to be almost same as the normal time values particularly below 85km 
contrary to the high values reported earlier by Mechtly et al (1972) 
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ON VARIATION OF A AND «eff IN THE MESOSPHERE DURING 
THE SOLAR ECLIPSE OF 16 FEBRUARY 1980 OVER INDIA 
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From the rocket measurements of electron density profiles at Thumba and 
Srihankota the variation of X (the ratio of negative ions to electron density) in 
the mesosphere during the solar eclipse of 16 February 1980 has been studied. 

It is found that the value of X becomes almost 3 at 80km and at about 7 and 70km 
when the obscuration of the sun is 60 per cent. The implication of this variation 
of X on the variation of a e ff (the effective electron loss coefficient) during solar 
eclipse is examined and a discussion on the explanation of large value of « c ^ 
obtained by Mechtly et al (1972) and Belrose et al (1972) during 7 March 1970 
eclipse is given m terms of heterogenous chemistry 

Keywords: Solar Eclipse; Electron Density; X and a eff ; Langmtiir Probe 


Introduction 

Several campaigns during solar eclipse have been conducted and examined m the 
past by various groups (Chakrabarty & Mitra, 1974). These have given many interest¬ 
ing results. Some of them are conclusive and some are not Among those which are 
not conclusive are the variations of A (the ratio of negative ions to electrons) 
and aeff (the effective electron loss coefficient) m the mesosphere To study the 
variation of A, simultaneous measurments of both electron density, Ne, and total 
positive ion density N + , are required The measurement of positive ion density 
being unreliable, uncertainty prevails m the estimation of A According to Danilov 
(1975), the experimental A values during solar eclipse is somewhat contradictory, 
but values of A > 1 do exist at 80km during totality From the simultaneous 
measurements of Ne and N+ in the previous eclipses, it has been seen that the value 
of A during eclipse totality condition could be as large as 100 at 70km (Chakrabarty 

6 Mitra, 1974) In case of aeff, Mechtly et a/(1972), have found its value, to be ~ 
10"“ 4 cm 3 s" 1 during the totality condition of solar eclipses of 12 November 1966 and 

7 March 1970 While a value of a C ff, as large as 10“ B cm 3 s” 1 is understandable, its 
value of the order of 10~ 4 cm 3 s* 1 is difficult to reconcile with the present knowledge of 
homogeneous ion chemistry Under this background, the solar eclipse of 16 February 
1980 provided an opportunity to examine the behaviour of these parameters during 
this natural phenomenon This has been done from the electron density measure¬ 
ments made during this eclipse from two rocket launching stations of India viz, 
Thumba and Srihankota The results are described m this paper. 
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Electron density has been measured during different phases of 16 February 1980 
solar eclipse by using Langmiiir probe. This instrument has been flown in rockets 
by PRL on a number of times and standardized to give electron density values 
with an accuracy of about 20 per cent (Prakash et al, 1974) in the D-remon 
altitude Four rockets were flown from Thumba (8°N, 76°E) of which one filed 
and two rockets were launched from Sriharikota (13°N, 80°E) of which one 
The three electron density profiles we have chosen for this work are shown in Fur 1 
along with the details of the flight. s " 



ELECTRON DENSITY (Cm' 3 } 

Fig. 1 Three rocket-borne electron density profiles of 16 February 1980 solar edipse chosen for 
the present work 


Variation of A 


The continuity equation of electron density distribution is given by 

_£_ jy 2 

dt 1+A eff 

where q is the electron production rate and t is the time «etr can be written as. 


• 0 ) 


«eff ■= a D + Aa, (2) 

where ct D is the dissociative recombination coefficient between electrons and positive 
ions and a< is the ion-ion recombination coefficient If one takes the widely used 
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values of «i ** 10“ 7 cm 3 s* 1 and of = 10 -7 cm 3 sr\ then as long as A does not 
become about 100 (which holds good if one stays away from totality condition of 
a solar eclipse), then from eqn. (2) a«fr = » D and eqn. 1 after rearrangement can be 
written as : 

1 + A ■» dFe + up W* (3) 

dt 

If ‘O’ denotes the normal time and T denotes the eclipse time then from eqn. 3 one 


gets 

l ± K - 

1 + A 0 Lx 

where F is the fraction of solar disc visible and 


L 


dNe 

~dt 


+ Ne* 


...(4) 


Eqn. 4 will hold good in the region where the source of production is Lyman-alpha 
(between 70 and 80km). This equation has been used to compute the ratio (1 -l* A x )/ 
(1 + A 0 ) during the eclipse condition of 16 February 1980. dNe/dt values have been 
calculated after plotting Ne values of Fig 1 with time. The advantage of this method 
lies in the fact that this estimation is independent of the NO distribution where large 
amount of uncertainty exists. The values of (1 + A x )/ (l + A 0 ) obtained m this way 
are shown m Fig. 2 for two altitudes viz, 70 and 80km. From this figure, the varia¬ 
tion A during eclipse can be found out if the vaues of A 0 are known At 80km, one 
can take A„ as 0, then A x becomes 3 4 for 60 per cent obscuration of the sun at this 
altitude At 70km, the widely used value of A 0 *= 1, then the value of A x at this altitude 
when the obscuration of the sun is 60 per cent becomes 6.7 

These values of A are comparable with the values obtained by other workers. 
Willmore (1970) from the consideration of N* (after applying severalc orrections) and 
Ne values during the solar eclipse of 20 May 1966 gives values of as 2 8 at 74km and 
0 7 at 80km for an 84 per cent obscuration of the sun. Landmark et al (1970), during 
the same eclipse and same condition of obscuration give the value of 1 + A at 74km 
as 0.8 and 1.9 for before totality and after totality conditions respectively. They 
assumed the NO distribution given by Barth (1966) Chakrabarty and Chakrabarty 
(1977) after synthesis of all positive ion profiles and electron density profiles find the 
values of A during totality condition of 7 March 1970 eclipse as 1 and 100 at 80 
and 70km respectively 


Variation of «dr 

When the values of A obtained above are substituted in eqn 2, no variation of *«ff is seen 
during eclipse at least upto an obscuration of 60 per cent of the solar disc But Mechtly 
et al (1972) have obtained the value of«efrasl0 - * cm 3 s -1 during eclipse totality 
condition at the same altitude From eqn 2, such a high value of «eir is possible only 
when A =» 1000 which is unlikely Thus it appears that from the homogeneous 
chemistry, it is difficult to explain the large value of oteir obtained by Mechtly et al 
(1972) 
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Fio. 2 . Variation of the ratio of eclipse time and normal time 1 + X values at 70 and 80km derived 
from the electron density measurements of Fig 1 At the bottom, the visibility of solar disc 
with time during this eclipse is shown 

If one assumes that positive ions react with aerosols as it happens in the stratos¬ 
phere (Chakrabarty & Chakrabarty, 1980) and writes the continuity equation of 
positive ion as follows 

d ^~ = q - » D N+Ne - - P NaN*, -(6) 

at 

then considering the charge neutrality N+ Ne + N~ one gets for «rff the following 
equation 

Oeff -= (Xp + Aa< + 

Here Na is the number density of aerosols and P is the coefficient of reaction between 
aerosols and positive ions Since we do not know the variation Na during eclipse, 
the change m a e fr during eclipse could be due to change in Ne Since 1S ° * ® 
order of 10~ 6 cm^ s" 1 and Aa* is less than or equal to this value, from the value of 

Mechtly et al (1972) of «*/, we have from eqn -(7), ^ 10' 4 cm 3 s" 1 for eclipse 

totality condition Corresponding to this condition, if one takes Ne — 1 cm then 
?Na = 10- 4 s~ l For normal day time, around 75km, where Ne - 100 cm , the 

value of (-10“® cm 3 s' 1 ) will be an order of magnitude less than *d value (A«. 
Ne 
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is less than a^). Thus, it is clear that as long as Ne is not less than 10 cm* 8 , the 

contribution of term m the value of oteff is not significant. 

Ne 


Conclusion 

From the time variation of electron density observed during the solar eclipse of 
16 February 1980 over India, the variation of A mthe mesosphere is studied It is seen 
that when the obscuration of the sun is 60 per cent the values of X are about 3 and 7 
at 80 and 70km altitudes respectively These values of A when put in a homogenous 
chemical scheme are not able to reproduce any variation of <*«ff during eclipse for 
which experimental evidences exist. The variation of during eclipse could be 
obtained if one involves a process m which positive ions react with aerosols (hetero¬ 
geneous scheme); and it is shown that this process becomes predominant over the 
process of dissociative recombination of positive ions with electrons only when 
electron density becomes less than about 10cm -8 . 
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As part of the campaign of solar eclipse on 16 February 1980, two RH 560 
rockets were launched from SHAR (13°47 / N) which earned an NPL Retarding 
Potential Analyser (RPA) to measure suprathermal electrons The first rocket 
was a control flight just before the start of the eclipse and the second one was 
launched dunng maximum obscuration (90 per cent). The control flight worked 
well and gave useful data. Since this is the first time that such rocket measure¬ 
ments of photoelectron flux at low latitudes were made, analysis of the data from 
the control flight on the eclipse day are presented in this paper It shows that the 
integrated photoelectron energy spectrum exhibits a shape consistent with the 
mid-atitude measurements, but the computed flux values are significantly lower 
than those observed in mid-latitudes. Detailed results of photoelectron spectra as a 
function of altitude are analysed and described At the apogee of around 330km, 
the differential flux for lOeV electrons is found to be about 1.17 x KHcnr* 
s* 1 eV- 1 sr- 1 . 


Keywords: Photoelectron Flux; Retarding Potential Analyser (RPA); Low 
Latitude; Altitude Distribution 

Introduction 

Photoelectrons play an important role m determining the thermal structure of 
the ionosphere and a number of studies have been made to estimate their fluxes 
theoretically and to measure them experimentally The measurements were made 
with rockets (Doermg et al , 1970, Maier & Rao, 1972; and Knudsen & Sharp, 1972), 
and satellites (Rao & Maier, 1970, and Doermg et al, 1976) These have also been 
measured by incoherent scatter technique (Yngveeson & Perkms, 1968; and Evans & 
Gastman, 1970) It may be pointed out here that the rocket measurements which 
give the photoelectron spectrum as a function of height, have so far been made only 
at midlatitudes The information al low latitudes is available only through the satellite 
measurements 

As a part of the campaign for the total solar eclipse on 16 February 1980, rocket 
measurements of photoelectrons are made with the retarding potential analyser at 
the low latitude station SHAR (India, 13°47'N) Out of the two RH-560 rockets 
launched, the control flight experiment worked well and gave useful data while the 
eclipse flight failed due to malfunctioning of the rocket Hence, these measurements 
made during preeclipse period are analysed and presented m this paper Further, 
these low latitude values are compared with similar rocket measurements made at 
midlatitudes. 
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Experiment 

Measurements were made with a planar retarding potential analyser (RPA) The 
sensor is a three grid structure mounted in a cylindrical housing The aperture o. 
the window had a 50mm diameter The retarding grid was given a triangular sweep 
of 0 to - 32 volts in a time period of 1 sec 

The RPA was mounted on top of the RH-560 rocket looking upwards i e., the 
sensor normal was coincident with the rocket spin axis. The rocket was launched on 
16 February 1980 at 1420hr 1ST (solar zenith angle X — 42°). The spin rate of the 
rocket varied between 5 to 6 frps in the altitude range of 150-330km It may be pointed 
out tha t as the sensor was looking up from the top deck plate of the nose cone of 
the rocket, it was receiving the direct rays from the sun for most of the spin cycle and 
only for a fraction of the cycle it was able to record the atmospheric photoelectron 
flux Thus there were only five to six points of recording in a single sweep of one second 

Results and Discussion 

Good results have been obtained from about 150km to the apogee altitude of 330km 
Three representative heights were chosen to illustrate the observations, 180km for a 
lower height, 250km as the height where the flux is maximum and the apogee height 
of 330km It is found that the shape of the curves for different sweeps are roughly 
similar but their levels vary from one another At 250km and 330km the variation 
from one curve to another seems to be larger than at lower altitude of 180km The 
maximum currents for 180km, 250km and 330km are about 1 x 10" 10 , 23 x 10 -14 
and 1 4 x 10 -1 ° amps respectively 

The above values of current can directly be converted into integral electron 
fluxes from a knowledge of the area of the aperture grid and the solid angle subtended 
by it From the geometry of our sensor, it is found that it subtends a solid angle of 
about ” steradians Hence, the flux values are divided by »to get the flux per stera- 
adian The effective transparency of grids is taken to be 0 8 on the basis of laboratory 
measured values of almost identical sensors at NASA Goddard Space Flight Centre 
From the integral fluxes, the differential flux spectra are derived and shown in Fig 1. 
In assigning the energy it is essential to know the rocket potential However, this 
parameter is not measured by any experiment in this rocket flight. Hence, a value 
of —1 volt was assumed for rocket potential since several observations of other 
rocket flights have given values of this order in this height range It may be mentioned 
that it is the major uncertainty in our estimate of the flux spectrum The measure¬ 
ments need another correction for rocket shadowing of the photoelectrons as the 
sensor is not mounted in the optimum direction The sensor axis is parallel to the 
rocket axis and at SHAR it makes an angle of about 85° (rocket attitude angle of 
elevation — 82°, azimuth = 85° magnetic dip angle = 10°) with the geomagnetic 
field lines This situation is similar to the one discussed by Knudsen and Sharp (1972). 
It was shown there that under worst conditions when the angle is about 90° the 
measured fluxes are at least 50 per cent of what they would have been in the absence 
of vehicle shadowing Hence, the measured values are increased by a factor of 2 to 
obtain the true flux It may be noted that this factor is an upper limit 
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Fig. 1 Differential electron flux vs Energy for 180, 2S0 and 330km. 

It may be seen from Fig. 1 that the spectra are almost similar m shape but differ 
in magnitude at different heights Again the largest values are obtained for 250km. 
These observations are compared with the daytime observations of Doering et al 
(1970) at a midlatitude station, Wallops Island, on 31 July 1968 (X=60°) The present 
measurements over SHAR refer to higher solar activity and X=42° It is found that 
both of them show an increase of flux with altitude upto 250km At their apogee 
height of 298km the values are almost same as at 250km whereas m our case the 
apogee height is 330km where the flux values are considerably smaller than at 250km 
From our records we find that the maximum fluxes are occurmg around 250km. 
The actual values at 250km are compared in Fig 2 It can be seen that there is a 
difference of a factor of 3 to 6 between these two values at different energies At a 
lower height of 180km there is a similar difference If we compare with Knudsen 
and Sharp’s (1972) observed spectrum at 180km (6 March 1970, X—47°), the 
differences increase 

It is generally assumed that the photoelectron flux is isotropic at lower heights 
below 200km where the magnetic field control is comparatively less It is known from 
the theoretical works of Mariam (1964) and the experimental observations of Rao 
and Maier (1970) that the pitch angle distribution of the photoelectrons are aniso¬ 
tropic at higher altitudes This may be resolved only by conducting some more rocket 
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Fig 2 Comparison of differential electron flux at 250km between the results of Doenng et al. 
(1970) and the present work 

experiments with sensors mounted both parallel and perpendicular to the rocket 
axis. These experiments will also throw more light on the observed differences bet¬ 
ween the present results and those by other workers On these flights a suitable probe 
will be included to measure the vehicle potential 

Conclusion 

The photoelectron flux measurements over the low latitude station, SHAR, made 
for the first time are reported. These are found to be lower compared to the rocket 
measurements over the midlatitude station It is concluded that further rocket in¬ 
vestigations are necessary to resolve them 
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